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EXECUTIVE SUMMARY

The United States Air Force plans to install a Microwave Landing
System (MLS) to serve runway 19L at Andrews Air Force Base, Camp
Springs, Maryland. The quality of approach guidance provided by an
MLS may be adversely affected by terrain and objects in the
approach environment. A computer-based mathematical model was used
to study MLS performance in the proposed environment. Based on
this study, the MLS is predicted to perform well within applicable
tolerances and provide satisfactory service to runway 19L.
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1. INTRODUCTION.

1.1 Purpose of Report.

The purpose of this effort was to quantify the magnitude of the
derogation that may be caused to the guidance provided by the
proposed Microwave Landing System (MLS) and Precision Distance
Measuring Equipment (DME/P) installations by characteristics of the
environment of runway 19L at Andrews Air Force Base (ADW), Camp
Springs, Maryland.

1.2 Overview of Report.

The quality of guidance provided by a MLS-DME/P installation at an
airport may be derogated by multipath interference caused by
shadowing (blockage) or scattering from objects in the approach
environment. Objects such as buildings, aircraft, irregular
terrain and trees are examples of such multipath sources. These
multipath signals can translate into errors in the position
information provided to the approaching aircraft by the MLS-DME/P
installation. The Federal Aviation Administration (FAA) has
established safety tolerances on the magnitude and frequency of the
errors that may be present in these guidance signals.

A computer-based mathematical model has been established for
evaluating the effects of characteristics in the approach
environment on the guidance quality provided by the MLS-DME/P
installation. This model has been repeatedly used to predict these
effects and has been used for siting proposed MLS-DME/P
installations.

This mathematical modeling study was performed to determine if the
proposed installation (location, equipment type, orientation) will
provide satisfactory service at ADW. Several scenarios simulating
the environment present at this site were modeled to ascertain the
magnitude of the error present in the provided guidance signals.
The error predicted by the model is analyzed and compared to error
tolerances specified in FAA-STD-022d.

Appendixes are included to present the graphical results obtained
from this modeling study. Appendixes A, B, and C present selected
graphs from modeling performed on the MLS azimuth (AZ), elevation
(EL), and DME/P subsystems, respectively. Appendixes D through H
contain data used to represent features of the airport environment
pertinent to this modeling effort, such as irregular terrain and
selected hangars. Introductions to the operation of the MLS, as
well as the MLS-DME/P mathematical model are included as appendixes
I and J, respectively. These appendixes give a brief overview to
the theory of operation of the actual MLS operating systems, and
how the model is utilized to predict their performance.
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2. REFERENCES.

Airport Layout Plan: Master Plan, Andrews AFB (No reference
#), December 1970

Airport Topography Map: Master Plan with 5' contours on TAB #C-l,
Andrews AFB (No reference #), December
1970

Construction Drawings for Existing Buildings:

Hangar Maint., (SAM-2), Drawing #AW-3901-47,
F-3307, A-1280

Addition to Hangar #3640, Code Ident. #80091,
Y&D Drawing #1120191, F-5881, A-3640

Addition to Hangar #3640, Code Ident. #80091,
Y&D Drawing #1120195, F-5885, A-3640

ADAL Aircraft Maint. Hangar, Code Ident. #80091,
NAVFAC Drawing #3048743, A-3635

ADAL Aircraft Maint. Hangar, Code Ident. #80091,
NAVFAC Drawing #3048749, A-3635

ADAL Aircraft Maint. Hangar, Code Ident. #80091,
NAVFAC Drawing #3048750, A-3635

Aerial Port Training Facility, Code Ident. #80091,
NAVFAC Drawing #3003864, A-3623

Aerial Port Training Facility, Code Ident. #80091,
NAVFAC Drawing #3003807, A-3623

Aircraft Maintenance Facilities (NAS, NASVR),
Spec. #ENG 49-080-60-22, Drawing #AW-16-06-879,
F-4102, A-3158

Aircraft Maintenance Facilities, NAS Hangar
Building, Spec. #ENG 49-080-60-22-(24), Drawing
#AW-3901-40, F-4120, A-3158

Aircraft Maintenance Facilities, NAS Hangar
Building, Spec. #ENG 49-080-60-22-(24), Drawing
#AW-3901-40, F-4121, A-3158

US Naval Air Facility - Replace Roof Hangar 12
Building 3188, Code Ident. #80091, NAV Drawing
#5830, A-3158
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First Increment - NARTU Hangar Building, Spec. #ENG
49-080-59-62-(59), Drawing #AW-39-01-39, A-3148

Hangar Maintenance, Organization Addition, Building
#3129, Code Ident. #80091, NAVFAC Drawing
#1309301, A-3129

Hangar Maintenance, Organization Addition, Building
#3129, Code Ident. #80091, NAVFAC Drawing
#1309308, A-3129

Hangar, Motor Service Shop, Motor Pool and Paint
Storage, Spec. #ENG 49-080-54-42-(34), Drawing
#16-01-214, F-2149, A-3119

Hangar (Type H-2) 2 Story Lean-To, Spec. #ENG
49-080-54-42- (34) , Drawing #AFD-51-301, F-2169, A-3119

Hangar (Type H-2) 2 Story Lean-To, Spec; #ENG
49-080-54-42-(34), Drawing #AFD-51-301 Modified,
F-2170, A-3119

Hangar-Alert, Building 3032, Drawing #39-01-18-2,
F-1071, A-3032

Construction of Refueling Vehicle Open Storage,
Drawing #F1070, F-1070

Relocation of Nosedock, Code Ident. #80091, NAVFAC
Drawing #1292606, F-6028, A-1915

Relocation of Nosedock, Code Ident. #80091, NAVFAC
Drawing #1292611, F-6033, A-1915

Hangar Maintenance, Org. (CRT-2), Spec. #ENG 49-080-60-
8-(8), Drawing #AW-16-01-360, F-3352, A-1914

Hangar Maintenance, Org. (CRT-2), Spec. #ENG 49-080-60-
8-(8), Drawing #39-01-45, F-3360, A-1914

Hangar Maintenance, Org. (CRT-3) (CRT-4), Spec. #ENG
49-080-60-6-(6), Drawing #AW-16-01-361, F-3902,
A-1754

Hangar Maintenance, Org. (CRT-3&4), Code Ident. #ENG
49-080-60-6-(6), Drawing #39-01-46, F-3909, A-1754

Hangar Maintenance, Org., Spec. #ENG 49-080-59-
15-(16), Drawing #16-01-341, F-2725, A-1734

Hangar Maintenance, Org., Spec. #ENG 49-080-59-15-
(16), Drawing #39-01-36, F-2733, A-1734
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Hangar and Shops, Type Res. #1A, Spec. #ENG 49-
080-55-80-(1), Drawing #39-01-22, F-1867, A-1714

Hangar Maintenance, Org. (SAM-2), Spec. #ENG 49-080-60-
7-(7), Drawing #16-01-362, F-3300, A-1280

MLS and DME/P Multipath, Simulation Model User's Manual, Vol. 1 -

Operating Instructions, DOT/FAA/CT-TN91/47, I, February 1992

MLS Mathematical Modeling Test Plan, Andrews AFB, MD, June 18, 1993

Obstruction Data Sheet: NOAA Obstruction Data Sheet #561

Preparation of Test and Evaluation Documentation, FAA-STD-024B,
April 30, 1993

Runway Profile Drawings: NOAA Obstruction Chart #561

Site Selection Report Microwave Landing System (MLS), Runway 19L
Andrews AFB, MD (ADW), June 18, 1993

3. MODELING STUDY DESCRIPTION.

3.1 Mission Review.

The proposed MLS-DME/P installation is intended to continue to
provide precision landing service to runway 19L after the
decommissioning of the precision approach radar (an AN/GPN-22) that
presently provides that service. The airport diagram is shown in
figure 1.

3.2 MLS-DME/P Eguipment Sites.

The MLS AZ station will be located on the extended centerline of
runway 19L, 2,285 feet (ft) past the stop end. The DME/P site is
50 feet (ft) west and abeam of the AZ station. The MLS EL station
will be placed 400 ft west and abeam of a point on centerline,
922.6 ft from the threshold of runway 19L.

The MLS-DME/P mathematical model uses a cartesian reference system
that has the runway surface on centerline at the stop end as the
origin. The orientation of the coordinate axes is indicated in
figure 2. The elevation at the origin of the reference coordinate
system is 253 ft above mean sea level (m.s.l.) . The phase centers
of the MLS AZ, MLS EL, and DME/P antennas were modeled at the
proposed locations of:

X Y z
MLS AZ: -2285.0 ft 0.0 ft 9.75 ft
MLS EL: 8832.4 ft 400.0 ft 29.00 ft
DME/P: -2285.0 ft 50.0 ft 18.30 ft
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FIGURE 2. COORDINATE SYSTEM USED TO MODEL
PROPOSED INSTALLATION FOR 19L

3.3 MLS Approach Procedure and Orbit.

The United States Air Force plans to develop an MLS Category I
approach using a straight in AZ, 30 glide path, 50 ft threshold
crossing height, with a 200 ft decision height.

3.4 Impact of Other Systems.

There were concerns of the effects of existing or proposed landing
aids on the proposed MLS-DME/P installations. Two possible
conflicts exist; one concerning the MLS EL station in proximity of
the proposed Instrument Landing System (ILS) glide slope, and
another concerning the MLS AZ in proximity of the existing Approach
Lighting System (ALS).

As shown in figure 3, the location of the MLS EL station does not
penetrate the critical area for the proposed glide slope station
for runway 19L, and is not expected to cause a problem. The ILS
glide slope array also will not affect the guidance provided by the
MLS EL station, due to its location behind the EL station.

As illustrated in figure 4, the proposed location of the MLS AZ
shelter will not cause blockage of the light beam emanating from
the ALS. Since the approach lights are below the MLS AZ station's
phase center, they will not affect the MLS AZ signal.
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4. TEST DESCRIPTION.

The six scenarios listed below were modeled for this study, and
consisted of three approaches and three orbits. The designed
approach glide path angle (GPA) is 3.0° Orbit flight paths were
modeled at a range of 10 nautical miles (nmi) from the DME/P
station. The altitudes of the orbit scenarios are relative to the
elevation of the origin of the reference coordinate system, and
correspond to the minimum vectoring altitude (MVA) at 10 nmi, the
30 GPA intercept at 10 nmi, and the 40 GPA intercept altitude at 10
nmi.

Scen. # Scen. Type

1 20 Approach

2 30 Approach

3 40 Approach

4 1747' Orbit(MVA)

5 2624' Orbit

6 3492' Orbit

4.1 Test Schedule and Location.

The modeling study was performed at the Raytheon Service Company
(RSC) office in Pleasantville, NJ, under a contract with the FAA.
The Airborne Systems Technology Branch (ACD-330) provided technical
oversight and direction to this effort. The workstation used was
an IBM compatible 486/66Mhz machine (running DOS 6.0) with 16MB of
RAM, in cooperation with a Hewlett Packard LaserJet Series IV
printer with 4MB of RAM. Modeling activities took place between
June 11 and July 28, 1993.

4.2 Participants.

Jesse Jones (FAA) MLS Math Modeling Project Manager
Elliott Rushton (RSC) Modeler, Writer
Ron Lockhart (RSC) Writer
Ray Anderson (RSC) Site Surveyor
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4.3 Mathematical Model Description.

The model used to estimate the quality of the guidance provided by
the proposed MLS-DME/P installation was the MLS-DME/P Multipath
Simulation Model, version 3.0. The Fortran 77 source code was
compiled using the F77 Lahey 32-bit compiler for DOS. Further
detail on the mathematical model is available in appendix J.

4.4 Test Objective.

The test objective was to predict the performance of the proposed
system installed at the specified location. If necessary, results
obtained through this modeling study, and additional work, may be
used to evaluate the performance of alternative equipment sites at
ADW.

4.5 Testing Categories.

Following an on-site study of the environment present for the
proposed MLS-DME/P installation, several buildings and terrain
areas were chosen as possible contributors of multipath error to
the transmitted guidance signals, based on size and orientation.

4.5.1 Buildings Modeled for Multipath and Shadowing Effects.

The performed modeling study used data collected from site visits,
as well as data extracted from base maps, construction drawings,
etc. The airport structures were represented in the model as
perfectly electrically conducting plates, similarly located and
oriented. The sections of data generated from these sources of
information are in appendixes D and F (multipath buildings and
shadowing buildings, respectively).

The plates used to represent the airport structures in the modeled
environment were assigned reference numbers. Modeling was
performed on hangars #12 through #15, with the rooftops included to
establish the total effect of the structures. Once it was
determined that the rooftops had no impact on the resulting error
due to multipath, they were removed from the study. The wall
heights were increased to evaluate the shadowing effects of the
entire hangar structure. Scatterers #21 through #28 represent the
hangars with rooftops. Scatterers #11 through #14 represent these
hangars with increased wall heights, without rooftops, for
shadowing purposes only. The following table correlates the
scatterer numbers with the buildings or hangars they represent (see
(figure 5).

10



Scatterer
no. Description From Base Map

1 hangar 01
2 hangar 02
3 hangar 03
4 hangar 04
5 hangar 05
6 hangar 06
7 hangar 10
8,9,10 hangar 11
11 hangar 12
12 hangar 13
13 hangar 14
14 hangar 15
15,16 bldg. 3629
17,18 bldg. 3001
19 bldg. 2487
20 bldg. 1915
21 hangar 12
22 hangar 12 roof
23 hangar 13
24 hangar 13 roof
25 hangar 14
26 hangar 14 roof
27 hangar 15
28 hangar 15 roof

4.5.2 Terrain Modeled for Multipath and Shadowing Effects.

The modeling study used topographical data obtained from a site
survey performed by project personnel. Figure 6 shows the
approximate modeled terrain structure used to simulate the effects
of the irregular terrain in the region of the MLS EL station. This
modeled structure is based on data collected on the surveyed
structure measured in the region of the proposed EL station. The
data used to model the terrain is listed in appendix H.
Illumination of plates one through four is negligible due to their
location behind the MLS EL station, thus these plates are not
considered to be contributors of multipath error.

The modeled earth is assumed to have a complex dielectric constant
of 80-j54 and a roughness factor of 6.52xi0-2 . This dielectric
constant was chosen to maximize the effects of ground reflections
so that the results would show a worst-case result. The roughness
value is a typical value for grass-covered ground.

4.5.3 Aircraft Modeled for Multipath and Shadowinq Effects.

Following analysis of the ADW runway and taxiway layout, three
locations were chosen to place aircraft during the modeling

11
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studies. The data generated for use in the input files for this
modeling study are in appendix E. It is likely that aircraft could
be in these positions during a precision approach to runway 19L.
Since large aircraft have been proven to have an effect on provided
guidance, it is necessary to quantify this effect. The C5A Galaxy
is assumed to be the largest aircraft in use at ADW, and thus
should result in the largest disturbance of the provided guidance
information. The C5A Galaxy was modeled in positions as indicated
in figure 5. Appendix E contains data tables concerning the
coordinates of the three modeled aircraft.

4.6 Data Collection and Analysis Method.

Initially, the study included three sets of scatterers representing
buildings, in addition to three aircraft. Each set of scatterer
data was included in each of six scenarios. This amounts to 18
unique computer modeling runs. Following the generation of
results, the graphical plots were analyzed and the 10 highest
magnitude multipath contributors were selected from the 28
scatterers modeled (since the model can simulate the effects of up
to 10 scatterers at one time). These 10 scatterers were compiled
into data files (including the aircraft) and the final 6 scenarios
were run. The 10 scatterers chosen are listed as follows:

Scatterer
no. Description From Base Map

1 hangar 01
2 hangar 02
3 hangar 03
4 hangar 04
5 hangar 05
6 hangar 06
11 hangar 12
12 hangar 13
13 hangar 14
14 hangar 15

5. MODEL TEST DATA AND ANALYSIS.

The results of the modeling study are presented in this section.
Before presenting the graphs, the different types of graphs are
discussed. The discussed graphs, multipath, shadowing, and
guidance error, are presented in appendixes A, B, and C. The
graphs are organized according to the three functional parts of the
proposed installation to which they refer, MLS AZ (appendix A), MLS
EL (appendix B), or DME/P (appendix C). Within the respective
appendix, graphs are presented according to scenario. The results
from the three types of approach scenarios are first, followed by
results from the three partial orbit scenarios for each subsystem.
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The captions associated with each graph describe the data

presented.

5.1 Multipath Plots.

The propagation model calculates signal levels at the aircraft of
all the most prominent multipath signals from the AZ, EL, and DME/P
uplink transmitters. The signal level at the DME/P transponder is
calculated for the multipath signals from the DME/P airborne
interrogator (downlink). The six most dominant multipath
contributors are listed in each plot along with a single symbol
associated with that obstacle. This multipath signal strength is
calculated for each receiver position, and plotted as a ratio of
multipath to direct signal strength in decibels (dB) (MLS and DME/P
Multipath Simulation Model User's Manual, p. 65). Figures A-1 in
appendix A and B-I in appendix B are examples of the multipath
plots for the modeled MLS AZ and EL subsystems, respectively.
Figures C-1 and C-3 in appendix C are examples of the multipath
plots for the modeled DME/P subsystem uplink and downlink results.

The propagation model also determines the separation angle between
the direct beam and each multipath signal received from the AZ and
EL systems. This parameter can have a significant effect on the
total guidance received since the receiving system has an ability
to identify multipath signals that are out-of-beam. A multipath
signal is considered to be out-of-beam if its separation angle is
greater than approximately 1.7 transmitter beam widths. In-beam
signals are those whose separation angles are less than 1.7 beam
widths. This parameter is used to facilitate analysis of multipath
signals and their affect on the guidance provided by the
installation (MLS and DME/P Multipath Simulation Model User's
Manual, pp. 65-66). Figures A-2 and B-2 are examples of the
separation angle plots for the modeled MLS AZ and EL subsystems,
respectively.

For the DME/P system, a similar phenomenon occurs to the received
pulse shape due to multipath effects. This shape distortion,
however, affects the guidance only when it occurs during the first
approximately 300 nanoseconds (ns) of the waveform. This
information is presented in plots illustrating the multipath signal
time of arrival relative to the direct pulse time of arrival (MLS
and DME/P Multipath Simulation Model User's Manual, pp. 65-66).
Figures C-2 and C-4 are examples of the time delay plots for the
modeled DME/P subsystem uplink and downlink results.

5.2 Shadowing Plots.

Obstacles in the environment of the installation, such as
buildings, aircraft, and runway humps, may cause shadowing or
signal blockage to occur, distorting the direct signal received on
the flight path. These results are plotted relative to the
undisturbed direct signal strength in dB (MLS and DME/P Multipath
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Simulation Model User's Manual, pp. 65-66). Figures A-3 and B-3
are examples of the multipath plots for the modeled MLS AZ and EL
subsystems, respectively. Figures C-5 and C-6 are examples of the
multipath plots for the modeled DME/P subsystem uplink and downlink
results.

5.3 Graphical Representation of Calculated Error.

The mathematical model generates plots of the calculated error from
the received-signal characteristics explained above. These error
data are presented in four components; static error, dynamic
error, path following error (PFE) , and control motion noise (CMN)
All data are plotted versus receiver position.

The static error plots show the calculated receiver error for each
system. This information does not account for the damping of the
error that occurs, which depends primarily on aircraft velocity.
Examples of static error plots can be seen in figures A-4, B-4, and
C-7.

The dynamic error plots present information similar to the static
error plots with one difference. The dynamic error has been
filtered to account for the effects of aircraft velocity, receiver
slew rate limiting, and any other filtering of the received signal
that occurs before the information would be displayed to the pilot.
Examples of dynamic error plots can be seen in figures A-5, B-5,
and C-8.

For the PFE, the error data are passed through a low-pass filter
before being plotted versus receiver position. Similarly, the CMN
data are obtained by passing the generated data through a high-pass
filter before plotting. The FAA places tolerance limits on the
magnitude of the excursions of these types of error that may occur
in a commissioned installation. Examples of PFE plots can be seen
in figures A-6, B-6, and C-9. Examples of CMN plots can be seen in
figures A-7, B-7, and C-10.

Within these generated figures, error plots presenting the results
for CMN and PFE filtering are shown with tolerance brackets
indicated. Figure 7 shows illustrations of the tolerance brackets
used in error analysis to evaluate the quality of guidance provided
by the installation. The horizontal dashed lines represent the
tolerances limits as specified in FAA-STD-022d. The vertical
dashed lines at the extents of the tolerances represent the limits
of the tolerances in the coverage volume. The third vertical line
(within the specified coverage region specified by the tolerance
limits) represents the beginning of a "time window" placed around
the largest error occurring in the data. The duration of this time
window is 40 seconds for the MLS AZ subsystem and 10 seconds for
the MLS EL subsystem. The error, if present, cannot violate the
tolerance bounds for more than 5 percent of the time during any
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FIGURE 7. COVERAGE VOLUME DEFINING LIMITS OF GUIDANCE ERROR

given time period. If there is no significant error, the window

marker lies at the end of the flight path.

5.3.1 Results of Modeling for MLS AZ Station.

The results provided by the modeling study for the effects of the
10 strongest contributors (as listed in section 4.6) and 3 aircraft
on the guidance provided by the MLS AZ station are in figures A-I
through A-42. As shown in the multipath plots (figures A-i, A-8,
A-15, etc.), buildings #3, #4, #6, #13, #14, and #15 are predicted
to be the dominant contributors to the multipath received along the
flight paths modeled. However, the separation angles between the
resulting multipath and the direct signals from the AZ are
sufficiently large and therefore result in minimal error in the
lateral guidance.

5.3.2 Results of Modeling for MLS EL Station.

The results provided by the modeling study for the effects of the
10 strongest contributors (as listed in section 4.6), 3 aircraft,
and modeled terrain structure on the guidance provided by the MLS
EL station are in figures B-i through B-42. As shown in the
multipath plots (figures B-i, B-8, B-15, etc.), aircraft #3 (refer
to figure 5) is predicted to be the dominant contributor of the
multipath received along the flight paths modeled. However, the
relative magnitude difference between the resulting multipath and
the direct signals from the EL station is sufficiently large and
therefore results in minimal error in the vertical guidance.
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5.3.3 Results of Modeling for DME/P Station.

The results provided by the modeling study for the effects of the
10 strongest contributors (as listed in section 4.6) and 3 aircraft
on the guidance provided by the DME/P station are in figures C-1
through C-60. As shown in the multipath plots (figures C-l, C-3,
C-11, C-13, etc.), buildings #4, #5, #6, #13, #14, and #15 are
predicted to be the dominant contributors to the multipath received
along the flight paths modeled. However, the relative time delays
between the resulting multipath and the direct signals from the
DME/P are sufficiently large (greater than 300 ns), and therefore
result in a minimal error in the range guidance.

6. CONCLUSIONS.

Six scenarios were modeled successfully using the Microwave Landing
System (MLS)-Precision Distance Measuring Equipment (DME/P)
mathematical model. From these results, the 10 strongest
contributors of error due to multipath were selected (see section
4.6) . These 10 scatterers, along with 3 carefully-placed aircraft,
were compiled into 1 data set which was used in the 6 scenarios
once again.

According to the results obtained from this modeling study, the
proposed MLS installation at Andrews Air Force Base, runway 19L, is
predicted to satisfy FAA-STD-022d tolerances without exception.

7. RECOMMENDATIONS.

None.
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Appendix A
MLS Azimuth Modeling Results

List of Illustrations

Figure Page

A-I. MLS AZ Multipath Relative Magnitude Plot for a
Straight Approach (30 GPA) Flight Path A-4

A-2. MLS AZ Multipath Separation Angle Plot for a Straight
Approach (30 GPA) Flight Path A-4

A-3. MLS AZ Composite Magnitude Plot for a Straight
Approach (30 GPA) Flight Path A-5

A-4. MLS AZ Static Error Plot for a Straight Approach (30
GPA) Flight Path A-5

A-5. MLS AZ Dynamic Error Plot for a Straight Approach (30
GPA) Flight Path A-6

A-6. MLS AZ Path Following Error Plot for a Straight
Approach (30 GPA) Flight Path A-6

A-7. MLS AZ Control Motion Noise Plot for a Straight
Approach (30 GPA) Flight Path A-7

A-8. MLS AZ Multipath Relative Magnitude Plot for a
Straight Approach (20 GPA) Flight Path A-7

A-9. MLS AZ Multipath Separation Angle Plot for a Straight
Approach (20 GPA) Flight Path A-8

A-10. MLS AZ Composite Magnitude Plot for a Straight
Approach (20 GPA) Flight Path A-8

A-Il. MLS AZ Static Error Plot for a Straight Approach (20
GPA) Flight Path A-9

A-12. MLS AZ Dynamic Error Plot for a Straight Approach (20
GPA) Flight Path A-9

A-13. MLS AZ Path Following Error Plot for a Straight
Approach (20 GPA) Flight Path A-10

A-14. MLS AZ Control Motion Noise Plot for a Straight
Approach (20 GPA) Flight Path A-10

A-15. MLS AZ Multipath Relative Magnitude Plot for a
Straight Approach (40 GPA) Flight Path A-lb
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A-16. MLS AZ Multipath Separation Angle Plot for a Straight
Approach (40 GPA) Flight Path A-Il

A-17. MLS AZ Composite Magnitude Plot for a Straight
Approach (40 GPA) Flight Path A-12

A-18. MLS AZ Static Error Plot for a Straight Approach (40
GPA) Flight Path A-12

A-19. MLS AZ Dynamic Error Plot for a Straight Approach (40
GPA) Flight Path A-13

A-20. MLS AZ Path Following Error Plot for a Straight
Approach (40 GPA) Flight Path A-13

A-21. MLS AZ Control Motion Noise Plot for a Straight
Approach (40 GPA) Flight Path A-14

A-22. MLS AZ Multipath Relative Magnitude Plot for an
Orbital (2624' above reference) Flight Path A-14

A-23. MLS AZ Multipath Separation Angle Plot for an Orbital
(2624' above reference) Flight Path A-15

A-24. MLS AZ Composite Magnitude Plot for an Orbital (2624'
above reference) Flight Path A-15

A-25. MLS AZ Static Error Plot for an Orbital (2624' above
reference) Flight Path A-16

A-26. MLS AZ Dynamic Error Plot for an Orbital (2624' above
reference) Flight Path A-16

A-27. MLS AZ Path Following Error Plot for an Orbital
(2624' above reference) Flight Path A-17

A-28. MLS AZ Control Motion Noise Plot for an Orbital
(2624' above reference) Flight Path A-17

A-29. MLS AZ Multipath Relative Magnitude Plot for an
Orbital (1747' above reference) Flight Path A-18

A-30. MLS AZ Multipath Separation Angle Plot for an Orbital
(1747' above reference) Flight Path A-18

A-31. MLS AZ Composite Magnitude Plot for an Orbital (1747'
above reference) Flight Path A-19

A-32. MLS AZ Static Error Plot for an Orbital (1747' above
reference) Flight Path A-19
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A-33. MLS AZ Dynamic Error Plot for an Orbital (1747' above
reference) Flight Path A-20

A-34. MLS AZ Path Following Error Plot for an Orbital
(1747' above reference) Flight Path A-20

A-35. MLS AZ Control Motion Noise Plot for an Orbital
(1747' above reference) Flight Path A-21

A-36. MLS AZ Multipath Relative Magnitude Plot for an
Orbital (3492' above reference) Flight Path A-21

A-37. MLS AZ Multipath Separation Angle Plot for an Orbital
(3492' above reference) Flight Path A-22

A-38. MLS AZ Composite Magnitude Plot for an Orbital (3492'
above reference) Flight Path A-22

A-39. MLS AZ Static Error Plot for an Orbital (3492' above
reference) Flight Path A-23

A-40. MLS AZ Dynamic Error Plot for an Orbital (3492' above
reference) Flight Path A-23

A-41. MLS AZ Path Following Error Plot for an Orbital
(3492' above reference) Flight Path A-24

A-42. MLS AZ Control Motion Noise Plot for an Orbital
(3492' above reference) Flight Path A-24
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Results of modeling effort of the six scenarios with the 10 worst-
case contributors of multipath on the guidance provided by the MLS
AZ are presented in this section.
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FIGURE A-3. MLS AZ COMPOSITE MAGNITUDE PLOT FOR A
STRAIGHT APPROACH (30 GPA) FLIGHT PATH.
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FIGURE A-4. MLS AZ STATIC ERROR PLOT FOR A STRAIGHT
APPROACH (3 0 GPA) FLIGHT PATH.
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FIGURE A-5. MLS AZ DYNAMIC ERROR PLOT FOR A
STRAIGHT APPROACH (30 GPA) FLIGHT PATH.
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FIGURE A-6. MLS AZ PATH FOLLOWING ERROR PLOT FOR A
STRAIGHT APPROACH (30 GPA) FLIGHT PATH.
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FIGURE A-7. MLS AZ CONTROL MOTION NOISE PLOT FOR A
STRAIGHT APPROACH (30 GPA) FLIGHT PATH.
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FIGURE A-9. MLS AZ MULTIPATH SEPARATION ANGLE PLOT
FOR A STRAIGHT APPROACH (20 GPA) FLIGHT PATH.
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FIGURE A-10. MLS AZ COMPOSITE MAGNITUDE PLOT FOR A
STRAIGHT APPROACH (20 GPA) FLIGHT PATH.
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FIGURE A-1l. MLS AZ STATIC ERROR PLOT FOR A
STRAIGHT APPROACH (20 GPA) FLIGHT PATH.
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FIGURE A-12. MLS AZ DYNAMIC ERROR PLOT FOR A
STRAIGHT APPROACH (2° GPA) FLIGHT PATH.
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FIGURE A-13. MLS AZ PATH FOLLOWING ERROR PLOT FOR A
STRAIGHT APPROACH (20 GPA) FLIGHT PATH.
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FIGURE A-14. MLS AZ CONTROL MOTION NOISE PLOT FOR A
STRAIGHT APPROACH (20 GPA) FLIGHT PATH.
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FOR A STRAIGHT APPROACH (40 GPA) FLIGHT PATH.

A-11



MIS MATHEMATICAL MONELING PERFORMED BY:

FAA TECHNICAL CENTER, ACO-330
ATLANTIC CITY AIRPORT. N 08405

TITLE Streight ARProaRh At 4 degrees -ith 10 "worst" all RACft
RUN R; CA DATE 13-JUL-93 T9 35 55
RUNWAY 19L AIRPORT ANDREWS AFR. CAMP SPRINGS. MARYLAND

AZIMUTH SHADOWING

DO

0

0 A

-0 . 25 0 00 0 25 a so 0 75 10 OG 25 1 SO 1 75 2.00

DISTANCE FPOM THPESHOLD (NM)

FIGURE A-17. MLS AZ COMPOSITE MAGNITUDE PLOT FOR A
STRAIGHT APPROACH (40 GPA) FLIGHT PATH.
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FIGURE A-A 8. MLS AZ STATIC ERROR PLOT FOR A
STRAIGHT APPROACH (40 GPA) FLIGHT PATH.
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.FIGURE A-19. MLS AZ DYNAMIC ERROR PLOT FOR ASTRAIGHT APPROACH (40 GPA) FLIGHT PATH.
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FIGURE A-20. MLS AZ PATH FOLLOWING ERROR PLOT FOR A
STRAIGHT APPROACH (40 GPA) FLIGHT PATH.
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FIGURE A-21. MLS AZ CONTROL MOTION NOISE PLOT FOR A
STRAIGHT APPROACH (40 GPA) FLIGHT PATH.
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FIGURE A-22. MLS AZ MULTIPATH RELATIVE MAGNITUDE
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FIGURE A-23. MLS AZ MULTIPATH SEPARATION ANGLE PLOT
FOR AN ORBITAL (2624' ABOVE REFERENCE) FLIGHT PATH.

MLS MATHEMATICAL MIGEL ING PERFORMED BY
FAA TECTICAL CENTER, ACD. 30
ATLANTIC CITY AIRPORT, NJ GO4DS

TITLE YT 1,t TI 2620 w _ IT - E _ '1 1 Ar4

RUN A ISA DATE 11-J-L-93 10D-Y0D

RUWAY 19L AIRPORT ANDREWS AFR. CAMP SPRINGS. MARYLAND

AZ I MUTH SHADOW I NG

tj

w

"-0 0 -0 no0 -20 O0 "I0 DO u on ýo oo 2a oo 3o Do I0 oo on

AZIMUTH ANGLE ýDEG)

FIGURE A-24. MLS AZ COMPOSITE MAGNITUDE PLOT FOR AN
ORBITAL (2624' ABOVE REFERENCE) FLIGHT PATH.

A-15



MLS MATHEMATICAL MCOELING PERFORLED By
FAA TECHNICAL CENTER, ACD-330

ATLANTIC CITY AIRPORT. NJ 08405
TITLE OrbIt "1 2624 A _ wor t an. A1CreI

UNI a 15d DATE 13-JUL-93 0n 444
PLJRWAy 19L AIRPORT ANDREWS AFR, CAM SPRINGS, MARYLAND
ANTENNA: AZBL204O BEAMRIETH 200

AZIMUTH STATIC SPLIT

01

a

0

40 Do -DO oo l o oo oo aG cD oD oa

?C 1

WN

-Jo 00o - -40.00 -20.00 -000 0o00 000o 20.00 30 00 .0 00 50 00

AZIMUTH ANGLE (DEG)

FIGURE A-25. MLS AZ STATIC ERROR PLOT FOR AN
ORBITAL (2624' ABOVE REFERENCE) FLIGHT PATH.

MLS MATHEMATICAL MODELING PEPFORMED 8Y
FAA TECHNICAL CENTER. ACE-3T0
ATLANTIC CITY AIRPORT, NJ O840T

TITLE Ob,1 41 2624 wt I0 " ......
p- 154 CATE 13-JUL-

9  
10Q1444

TUNWAY 191L AIPOROT ANDREWS AFP. CAME SPRINGS. HARYLAND
ANTENNA AZOLJ040 BEAMWIOTHO 00

AZIMUTH DYNAMIC SPLIT

0

01

50

wo

ON

-40 0 .30 00 2000 -IT o0 0 O0 Io D0 20 00 10 D0 40 O0 0 o O

AZIMUTH ANGLE (DEG)

FIGURE A-26. MLS AZ DYNAMIC ERROR PLOT FOR AN
ORBITAL (2624' ABOVE REFERENCE) FLIGHT PATH.
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piS MATHEMATICAL MODELING PERFORMED BY
FAA TEC-N ICAL CENTER, ACD-330
ATLANTIC CITY AIRPORT. .... R S

TITLE: 0,,lt 2624 *ih 10 worst an. ACD -t
RA P"15d DATE - 3-JUL-93 101444
RUNWAY: 19L AIRPORT:ANDREWS AFB. CAM' SPRINGS. MARYLAND
ANTENNA: AZL2040 REABDTR 2.00
pEAN: 0 00 2-STo DEV 0 12
TOLERANCE LIMITS VIOLATION 1%) 0.00

AZIMUTH PFE SPLIT

C *

c 0

C?100D .3o000 200 D 00 00 Go000o-D 2008o 0000 40,06 5000o

AZIMUTH ANGLE (DEG)

FIGURE A-27. MLS AZ PATH FOLLOWING ERROR PLOT FOR
AN ORBITAL (2624' ABOVE REFERENCE) FLIGHT PATH.

MIS MATHEMATICAL MODEL ING PERFORMED ER-

PAA TEC NICAC CENTER. ACD-330
ATLANTIC CITY AIRPORT. I1.1 Dý0445"

TITLE 01b.,1 A' 2624 -.-T 10 -PA1S1I RAC I
RUN PIa T5 ATE IdJ ULdO 10 14D
AUNRAY 10L AIRFPORT ANDREWS AF5, CAMP SPRINGS. MARYLAND
ANTENNA: AZBL2040 B!EAI-PIOTH 2 00

H MEAN 0.00 2TO TEA OAT7
TOLERANCE LIMITS YILAIG02 % 00

AZIMUTH LAN SPLIT

.o oo -3 Do Do a Do a To l o 2 o oo.20.00 -30 00 -20 00 IT0 00 T.00 10 00 20.00 OR.00 40.00 50 00

AZIMUTH ANGLE (DEG)

FIGURE A-28. MLS AZ CONTROL MOTION NOISE PLOT FOR
AN ORBITAL (2624' ABOVE REFERENCE) FLIGHT PATH.
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ItS MATHEMATICAL MODELING PERFORMED BY PLOT SYMOLS
FAA TECHNICAL CENTER. ACD-330
ATLANTIC CITY AIRPORT, NJ 0B405 AIC 1

TITLE: Orbt -l t7- (IOWA) -i 10 - - 'st ...0 A-Cr1 BLDG 15
pUN 0* 19 DATE 13-JUL-93 11-1 49 = LODG 14
RU AY ISL AIRPORT'ANDREWS AFB. CAW SPRINGS. MARYLANO PLDG 4

y EDG 1

"AZIMUTH SUBSYSTEM

Oo

'0 4 D

.00

.4000o 3(000 200 100 a 0 1000a l~o 20o 400B o0 .100 l00 Do

AZIMUTH ANGLE [OEG)

FIGURE A-29. MLS AZ MULTIPATH RELATIVE MAGNITUDE
PLOT FOR AN ORBITAL (1747' ABOVE REFERENCE)

FLIGHT PATH.

MLS MATHEMATICAL MO)ELING PERFOPMED BY PLO•TS•S LS
FAA TECHNICAL CENTER. ACD-330
ATLANTIC CITY AIPPORT, 1J 00405 = AIC I

TITLE 0 -it1 17 4 7 (0• VA} w it 0 " -Ot411 10 A ll-II BLDG ID
AL A 19 DATE IT-JULY9 1110 4 B 3L G 14
RUNWAY I9L AIRPORT ANDREWS AFT, CAM SPRINGS. MARYLAND = oLD 4

BLDG 2
0 BLDG I

AZ I MUTH SLIBS iSTEr4

iit

41

t40 00 no 200 .2o0 00 0 1o oo 20 oo 30 .o 10 o T 5a Do

AZIMUTH ANGLE (DEG)

FIGURE A-30. MLS AZ MULTIPATH SEPARATION ANGLE PLOT
FOR AN ORBITAL (1747' ABOVE REFERENCE) FLIGHT PATH.
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SS MATHEEETICAL YXEL ING PERFOMED BY
FAA TECHNICAL CENTER. ACO.-3l
ATLANTIC CITY AIHP T. YU 08405

TITLE Or'b't t AT1747" (oMVA Ith 10 "wors* anP - cT84

RpL` N 19d DATE. 13-JUL-93 I11 "A9

RMAAY I9L AIRORT ANDREWS AFB. CAMP SPRINGS MARYLAND

AZIMUTH SHADOWING

mo

u

-
0

O•

ON

-40.00 -30.00 -20RD -IDoo ooo D Do 2DD 0.00 3.0D 40.00 so.o0

AZIMUTH ANGLE (DEG)

FIGURE A-31. MLS AZ COMPOSITE MAGNITUDE PLOT FOR AN
ORBITAL (1747' ABOVE REFERENCE) FLIGHT PATH.

MLS MATHEMATICAL SIDELINE PERFORMED BY"FAA TECHNICAL CENTER ACD-130
ATLANTIC CITY AIRPORT. NJ DOR5

TITLE Or- t at A174O' [T ) -lt I. A rt
ROLN - I9 DATE 13-JUL.93 11 1N 23
RUWAY 19L AIRPORT ANDREWS AFB. C-MP SPRINGS, MARYLAND
ANTENNA AZBL204O REALWIDTH 2 Do

AAZIMUTH STATIC SPLIT

Lo0

co

HRITAL - 170 7 ABOVE -FR00 FIH PATH.

AZIMUTH ANGLE (DEG)

FIGURE A-32. MLS AZ STATIC ERROR PLOT FOR AN
ORBITAL (1747' ABOVE REFERENCE) FLIGHT PATH.
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I.RS LFTF4TA•rCAc MODELING PERFORMD BY

FAA TECHN ICAL CENTER. ACD-330"O MY ATLANIC CITY AIRPORT. NJ 0R4PS
TITLE b, 174 ( A) i 0 t n AT

aUN . lg d DATE 13-JUL-93 111I 24

RAWAY' 19L AIRPORTANDREWS APR. CAMP SPRINGS. MARYLAND
ANTENNA AZBL2040 BEAIA IOTTH 2.00

AZIMUTH DYNAMIC SPLIT

O I I I

'-40 TO -3000 -20 00 -10 00 DOT0 I 00 20 00 TO DO TO 20 ST0T0

AZIMUTH ANGLE (DEO)

FIGURE A-33. MLS AZ DYNAMIC ERROR PLOT FOR AN
ORBITAL (1747' ABOVE REFERENCE) FLIGHT PATH.

40 ARYREMATICAL LODELIAT PERFORMED RI
FAA YECHNICAL CENTER. ACD-OJT

ATLANTIC CITY AIRPORT, 11J O840
YITLP ODIR, I t 1742 IR AI IN~ 10"osIT n Acf

RUN 4 193 DAYD lO.JUL-O 11 II 23

RUNWAT IgL AIRPORY ANORERS APR. CAb• SPRINGS, MARYLAND

ANTENNA AZRLE04R TEMA•IDTN 2.00
MEAN q 0 DO 2TD EDE 0 12
TOLERANCE LIMITS VIOLATION IN) 0 00

S4AZ IMLIiTH PFE SPL IT

IT

a

10

40o 00 "30 0 -2o Do .,a O0 0 'D IT0 D0 o 2o Do 30 00 4a ý0 S0 no

AZIMUTH ANGLE (DEG)

FIGURE A-34. MLS AZ PATH FOLLOWING ERROR PLOT FOR
AN ORBITAL (1747' ABOVE REFERENCE) FLIGHT PATH.
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MLS MATHEMATICAL MODEL IN PERFORMED BY
FAA TECHNICAL CENTER. ACD-330
ATLANTIC CITY AIRPORT. N 08405

TITLE: Obit at 1740 (QMAR w " It ` ..o...* and "' ...
RUN- . 19. DATE 13-JUL-93 11:1923
OUT.WAT 19L AIRERT ANDREWS AF8, CAMP SPRINGS. MARYLAND
ANTENNA: AZBL204O BEAWIDTH:2.00
MEAN 0.00 20STD DEV" 0.07
TOLERANCE LIMITS VIOLATION (%): SaO

AZIMUTH CMN SPLIT

0 w

0

OH

t-4000 -30.00 -25.00 .D000 00 0 10 O0 20.00 30 00 40 O0 50.00

AZIMUTH ANGLE (DEG)

FIGURE A-35. MLS AZ CONTROL MOTION NOISE PLOT FOR
AN ORBITAL (1747' ABOVE REFERENCE) FLIGHT PATH.

MLS MATHEMATICAL MOOELING PERFOnRE RI PLOT SYMBOLS
EAA TECHNICAL CENTER, ACD-330
ATLANTIC CITy AIRPORT. NJ 09495 AIC I

TITLE Orb1, at 3402 w.th 1I S"orst an1 ArHrIt 8LOC 1
RUN 8 234 DATE 13-JUL-93 12:2021 a 910 D
RUNAY 19L AIRPORT ANDREWS AFP, CAMP SPRINGS. MARYLAND 9 LOG Is

B BLDG 2

AZIMUTH SUBSYSTEM

o 2

OH-- H

'.0 Do0 ,30 O0 "20 Do -t0 Do0 o O0 ao0 20 Do 30 00 0 O0 so Do0

AZIMUTH ANGLE (DEG)

FIGURE A-36. MLS AZ MULTIPATH RELATIVE MAGNITUDE
PLOT FOR AN ORBITAL (3492' ABOVE REFERENCE)

FLIGHT PATH.
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WS MATHEMATICAL MODEL IN PERFARMED BY PLOT SYMBOLS
FAA TECHNICAL CENTER. AC O-3T0
ATLANTIC CITY AIEORT. NJ "I"BS AIC 1

TITLE OrbIt at 342 w 1 0 -RrRU a A'r,,t BLOG 14
RUN . 23d SATE 13-JUL-93 12"20"21 BLDG 6
RUWAy 19.L AIRPOR•TANDREWS AFB. CAM SPRINGS. MARYLAND BLSDG 15

y= BLO 4
Rz L8DG 2

AZIMUTH SUBSYSTEN4

u1

z*

<

WH

z

0

cc

A 0 GO 3.00 "o000 -O Do00 0 G O 10 Do 20 00 30.00 10o00 "O GO

AZIMUTH ANGLE (pEG)

FIGURE A-37. MLS AZ MULTIPATH SEPARATION ANGLE PLOT
FOR AN ORBITAL (3492' ABOVE REFERENCE) FLIGHT PATH.

ML S MATHEMATICAL MODEL IG PERFORMED Ey

FAA TECHNICAL CENTER ACD-33D
ATLANTIC CITy Al APORT. NJ DRAGS

TITLE Or 1T at 1392 . 'o -worst1 C IrCtf[
RUN , )d0 DATE 13-JUL-q3 1220.21
RUNWAY 19L AIRPORT ANDREBS AFB, CAMP SERINGS, MARYLAND

7I MUTH SHADOW I NG

co

am

10.

0

'-40 0 ,DB • .2a Do -io Do aoo 1o~oo 20 00 )0 Do 400 Do o Do

AZIMUTH ANGLE (DEG)

FIGURE A-38. MLS AZ COMPOSITE MAGNITUDE PLOT FOR AN
ORBITAL (3492' ABOVE REFERENCE) FLIGHT PATH.
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&s MATHEMATICAL MOOEL IC PERFORMED BY
FAA TEC-ICAL CENTER. ACD-330
ATLANTIC CITY AIRPORT, NJ 08405

TITLE: OrbIt It 3492' w,1 0 Il orst and ATCrft
RN . 233 DATE 3-JUL-93 12.26 52
RUNWAY: 10L AIRPORTANDREWS AFF. CAMP SPRINGS, MARYLAND

ANTENNA: AZBL2040 BEAMWIOTH:2.D0

AZIMUTH STATIC SPLIT

A0

a :

a"

01 -

-. 0o00 -30 oD -2D 00 -ITO0 0o.00 00 2B00 3RoD 40 00 50 00

AZIMUTH ANGLE (DEG)

FIGURE A-39. MLS AZ STATIC ERROR PLOT FOR AN
ORBITAL (3492' ABOVE REFERENCE) FLIGHT PATH.

MILS MATHSMATICAL MOD LI1C PERFORMED BY
FAA rEC-ICAL CENTER. ACOD-3D

ATLANTIC CITY AlRPORT. NJ 08405
TITLE' OrIN at 3492 " a,th _ "worst" 4d ArTTfI

RUN 4 233 DATE 13-JUL-93 12,26 52
RUNWAY DgL AIRPORT ANDREWS AFT CAMP SPRINGS, MARYLANO
ANTENNA AZBL2040 BEAMIDTHT 2 G0

AZIMUTH DYNAMIC SPLIT

0

-4o 00 -30 00 ,20 oo 1.• oo o oo 10 Do 20 00 3G oo 40 00 so oo

AZIMUTH ANGLE (OGG)

FIGURE A-40. MLS AZ DYNAMIC ERROR PLOT FOR AN
ORBITAL (3492' ABOVE REFERENCE) FLIGHT PATH.
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ItS MATHEMATICAL MIODELING PERFORMER BY
FAA TECHNICAL CENTER. ACD-330
ATLANTIC CITY AIRPORT NJ 0840S

TITLE: Orb,! t t 92" . ' 'a rst and A-1rtf
a I. 23d DATE 13-JUL-g3 1226"52

RNWAYT 19L AIRPORTzANDREWS AFB. CAMP SPRINGS. MARYLAND
ANTENA: AZBL20,T BEAWIOTH2O00
MEAN: 0' EO STD DEV 0S1?
TGLERANCE LIMITS VIOLATIO. (%), 0 O

AZIMUTH PFE SPLIT

a

80wo L

"ACED -30.00 -20.GG -1000 000 10 O0 20 00 3000 4000 50 0D

AZIMUTH ANGLE (DEG)

FIGURE A-41. MLS AZ PATH FOLLOWING ERROR PLOT FOR
AN ORBITAL 3492' ABOVE REFERENCE) FLIGHT PATH.

MLS MATHEMATICAL MOOELIPG PERFORMED BY
FAA TEC-ICAL CENTER, ACDE 10
ATLANTIC CITY AIRPORT. NJ 09405

TITLE OnE,! it 049"2 _ih ' orstI And Acrft
RUN 0 23, ODATE 1-JUL-93 12 2652
RUNWAY 19L AIAPOAT ANDREWS AFB. CAMP SPRINGS, MARYLAND
ANTENNA AZBL204O BCAIIDTH" 2.00

A MEAN 0 Go 2ESTD DEV 0 07

TOLERANCE LIMITS VIOLATION 1%) 0 D0

AZIMUTH CMN SPLIT

ID A
a

-Eo .0o a .20 10 0o 0o o Do O 200 o lo oo 40 00 lo Co

A7IMUTH ANGLE (DEG)

FIGURE A-42. MLS AZ CONTROL MOTION NOISE PLOT FOR
AN ORBITAL 3492' ABOVE REFERENCE) FLIGHT PATH.
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Appendix B
MLS Elevation Modeling Results

List of Illustrations

Figure Page

B-I. MLS EL Multipath Relative Magnitude Plot for a
Straight Approach (30 GPA) Flight Path B-4

B-2. MLS EL Multipath Separation Angle Plot for a Straight
Approach (30 GPA) Flight Path B-4

B-3. MLS EL Composite Magnitude Plot for a Straight
Approach (30 GPA) Flight Path B-5

B-4. MLS EL Static Error Plot for a Straight Approach (30
GPA) Flight Path B-5

B-5. MLS EL Dynamic Error Plot for a Straight Approach (30
GPA) Flight Path B-6

B-6. MLS EL Path Following Error Plot for a Straight
Approach (30 GPA) Flight Path B-6

B-7. MLS EL Control Motion Noise Plot for a Straight
Approach (30 GPA) Flight Path B-7

B-8. MLS EL Multipath Relative Magnitude Plot for a
Straight Approach (20 GPA) Flight Path B-7

B-9. MLS EL Multipath Separation Angle Plot for a Straight
Approach (20 GPA) Flight Path B-8

B-10. MLS EL Composite Magnitude Plot for a Straight
Approach (20 GPA) Flight Path B-8

B-Il. MLS EL Static Error Plot for a Straight Approach (20
GPA) Flight Path B-9

B-12. MLS EL Dynamic Error Plot for a Straight Approach (2'
GPA) Flight Path B-9

B-13. MLS EL Path Following Error Plot for a Straight
Approach (20 GPA) Flight Path B-10

B-14. MLS EL Control Motion Noise Plot for a Straight
Approach (2' GPA) Flight Path B-10

B-15. MLS EL Multipath Relative Magnitude Plot for a
Straight Approach (40 GPA) Flight Path B-11

B-I



B-16. MLS EL Multipath Separation Angle Plot for a Straight
Approach (40 GPA) Flight Path B-Il

B-17. MLS EL Composite Magnitude Plot for a Straight
Approach (40 GPA) Flight Path B-12

B-18. MLS EL Static Error Plot for a Straight Approach (4'
GPA) Flight Path B-12

B-19. MLS EL Dynamic Error Plot for a Straight Approach (4'
GPA) Flight Path B-13

B-20. MLS EL Path Following Error Plot for a Straight
Approach (40 GPA) Flight Path B-13

B-21. MLS EL Control Motion Noise Plot for a Straight
Approach (40 GPA) Flight Path B-14

B-22. MLS EL Multipath Relative Magnitude Plot for an
Orbital (2624' above reference) Flight Path B-14

B-23. MLS EL Multipath Separation Angle Plot for an Orbital
(2624' above reference) Flight Path B-15

B-24. MLS EL Composite Magnitude Plot for an Orbital (2624'
above reference) Flight Path B-15

B-25. MLS EL Static Error Plot for an Orbital (2624' above
reference) Flight Path B-16

B-26. MLS EL Dynamic Error Plot for an Orbital (2624'
above reference) Flight Path B-16

B-27. MLS EL Path Following Error Plot for an Orbital
(2624' above reference) Flight Path B-17

2-28. MLS EL Control Motion Noise Plot for an Orbital
(2624' above reference) Flight Path B-17

B-29. MLS EL Multipath Relative Magnitude Plot for an
Orbital (1747' above reference) Flight Path B-18

B-30. MLS EL Multipath Separation Angle Plot for an Orbital
(1747' above reference) Flight Path B-18

B-31. MLS EL Composite Magnitude Plot for an Orbital (1747'
above reference) Flight Path 2-19

B-32. MLS EL Static Error Plot for an Orbital (1747' above
reference) Flight Path B-19
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B-33. MLS EL Dynamic Error Plot for an Orbital (1747' above
reference) Flight Path B-20

B-34. MLS EL Path Following Error Plot for an Orbital
(1747' above reference) Flight Path B-20

B-35. MLS EL Control Motion Noise Plot for an Orbital
(1747' above reference) Flight Path B-21

B-36. MLS EL Multipath Relative Magnitude Plot for an
Orbital (3492' above reference) Flight Path B-21

B-37. MLS EL Multipath Separation Angle Plot for an Orbital
(3492' above reference) Flight Path B-22

B-38. MLS EL Composite Magnitude Plot for an Orbital (3492'
above reference) Flight Path B-22

B-39. MLS EL Static Error Plot for an Orbital (3492' above
reference) Flight Path B-23

B-40. MLS EL Dynamic Error Plot for an Orbital (3492' above
reference) Flight Path B-23

B-41. MLS EL Path Following Error Plot for an Orbital
(3492' above reference) Flight Path B-24

B-42. MLS EL Control Motion Noise Plot for an Orbital
(3492' above reference) Flight Path B-24
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Results of modeling effort of the six scenarios with the 10 worst-
case contributors of multipath on the guidance provided by the MLS
EL are presented in this section.

WtS MATHEMATICAL MOD L INS PERFOI•ED AU PLOT SYMBOLS
FAA TECHNICAL CENTER ACD-333 PILO......
ATLANTIC CITY A'IF .T NJ 08405 RAI 3

TITLE: S5•q.ANht A- -r1ach R a ege w/ I I•R"wosI I 'Ift, t O- BLDG'
RUN , a 3 "- DATE 26-JUL.93 8N41 LN BLDG
RUNWAY. 19L AIRpORT:ANDREWS AFB, CAMP SPRINGS, MARYLAND " A IC

= GROUND
BLDG 3

ELEVATION SUBSYSTEM

S1T

'A- AEI IA ETR I -3

TIDTAI

FIGUR B-I MLS. DTEL MTJULTPAT REATV MAGNITUDE

RUNWAY I9L A-RDGOAHOROWS ROB. CAMF SYMINGS. MAP(LAYO

E-LEVAT11Dr] SUBSiSTEM

U,

IDA

Lu

a- 25 o- n N 2 5 o 1 n 7

130

'-3 25 00 3oo25 0 50 35 10 12i 5 I S0 115 2.30

DISTANCE FROM THRESHOLD tNM)

FIGURE B-2. MLS EL MULTIPATH SEPARATION ANGLE
PLOT FOR A STRAIGHT APPROACH (30 GPA) FLIGHT PATH.

13-4



MLS MATHEMATICAL FaELIN( PERFORMED BY:
FAA TECHNICAL CENTER, ACD-330
ATLANTIC CITY AIRPORT, N 08405

TITLE Strafght AppEtoOCh 0 3 dOQrges 1g 10 '-Wor . arcrft, topA

RUN #: 03, DATE: 26-JUL-93 16:41:45
RUNWAY 19L AIRPPOTANDREWS AFBR CAM SPRIGS, MARYLAND

ELEVATION SHADOWING

co

00

C•

-0.25 0.00 0.2S 0.5D 0,75 1 00 1 25 I so 1 75 2.oP

DISTANCE PROM THRESHOLD (NM)

FIGURE B-3. MLS EL COMPOSITE MAGNITUDE PLOT FOR A
STRAIGHT APPROACH (30 GPA) FLIGHT PATH.

WSL MATHEMATICAL IELING FPERFOPED 9,
FAA TECHNICAL CENTER. ACD-330
ATLANTIC CITY AIRPORT. NJ G84R 5

TITLE. St110,Yt AppT oaTO 01 3 de0r91e, w ' RI 0 ort' _ . 0cr1 1000

PUN 1 04, DATE 2"-JUL.93 IE AT D.

RUNWAY: ISL AIRFPTT ANDREWS AFP. CA-P STRINGS. MARYLAND
ANTENNA EL815 BEA.,IDTH I 5

ELEVATION STATIC SPLIT

w

0

cl
' HPw

-0 25 oD0 0.25 0 50 0 75 1 OD 125 I sO I 75 2.00

DISTANCE PROM THRESHOLD (NM)

FIGURE B-4. MLS EL STATIC ERROR PLOT FOR A STRAIGHT
APPROACH (30 GPA) FLIGHT PATH.
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MLS MATHEMATICAL IDEL• NIS PERFORMED BY
FAA TECHNICAL CENTER. ACDO330
ATLANTIC CITY AIRPORT. NJ 08405

TITLE. Straigh t ARorogac at 3 degrees wt 10 worst". a •crtt. IOTA
RUN P" D3. DATE 26-JUL,93 16"I4"50
RUNWAY. 9L AIRPORTrANOREWS AF8. CAMP SPRINGS. MARYLAND
ANTENNA EL8I1 BEAMIDTH 1 50

ELEVATION DYNAMIC SPLIT

QN

0

- U

-A,25 T.A 0.25 G. 50 G A 5 t 00 1 25 15D 1 T5 2 30

DISTANCE FROM THRESHOLD (NM)

FIGURE B-5. MLS EL DYNAMIC ERROR PLOT FOR A
STRAIGHT APPROACH (30 GPA) FLIGHT PATH.

MLS MATHEMATICAL ")DELING PEPFORMED BY
FAA TECHNICAL CENTER. ACD-3A0
ATLANTIC CITY AIRROAT, NJ A8405

TITLE 5traIYhT AAOOr Y.at 3 1eNreAS t S "oOst aICrII. t.R.
RUN . D3a DATE 2AJUL 9 6 I3 AT SD
RUNWAY 19L AItRORT ANDREUS AFP, CAM SPRINGS. MARYLAND
ANTENNA EL 8IS REA MWIDT IH 'T
MEAN 0 TI 2-STD DEU 0 SB
TOLERANCE LIMITS VIOLATIS 1%)'2 00

ELEVATION PFE SPLIT

LUJ

O -

0- 25 o.oo 0.25 0o50 o 75 I D0 1 25 O 5 20:

DISTANCE FROM THRESHOLD (NM)

FIGURE B-6. MLS EL PATH FOLLOWING ERROR PLOT FOR A
STRAIGHT APPROACH (30 GPA) FLIGHT PATH.
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MLS MATHEMATICAL LEL ING PERFORMED BY
FAA TECHNICAL CENTER, ACD-330
ATLANTIC CITY AIRPORT. NJ 08405

TITLE Strioght A~fFoach II 3 .egre.. w 1o "wRRT0 , Ircrft, 1000
RUN .: 038 DATE 26-JUL-93 16:43:50
RUNWAY: I9L AIRPORTANDREWS AFB, CAW SPRINGS. MARYLAND
ANTENNA: EL815 BEAMWIDTH: 350

S MEAN 0.00 2?STD DOEV 0D
TOLERANCE LIMITS VIOLATIO N E): 2.00

, ELEVATION CMN SPLIT

w$o

o . i I

cr _

ID

.0.25 0.0o 0 25 0 50 0. 75 I 0D 1 25 1.50 1 75 2.0O

DISTANCE FROM THRESHOLD (NM)

FIGURE B-7. MLS EL CONTROL MOTION NOISE PLOT FOR A
STRAIGHT APPROACH (30 GPA) FLIGHT PATH.

MLS MATHEMATICAL MOELING PERFORMED BY PLOT S.MBSts"FAA TECHNICAL CENTER, ACO330.
ATLANTIC CITY AIPPOr, NJ 09405 .AC 0

TITLE Stri Ight App0ro..h aF 2 -q -s i Y "RYNI* ARO A-FhII - ALSD I
RUN . 070 DATE 2-JUL.093 l 06:1 P FLDG _
RUNWAY I9L AIRPORT ANDREWS AFB, CAM SPRINGS, MARYLAND OBLDG 3

T4RLDG 4

ELEVATION SUBSYSTEM

c:t
m•

0
H

-0,25 0.00 0.25 0.50 0.75 100 125 1,50 1,7 2.00

DISTANCE FROM THRESHOLD (NM)

FIGURE B-8. MLS EL MULTIPATH RELATIVE MAGNITUDE
PLOT FOR A STRAIGHT APPROACH (20 GPA) FLIGHT PATH.
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AS MATHEMATICAL MODELING PERFORMED By PLOT SYMBOLS
FAA TECHNICAL CENTER. ACD-330 .
ATLANTIC CITY AIRPORT. NJ 0R40S AIC 3

TITLE. S1TaRIO AEPIrCoa at 2 d191,R*11 I A l ort RCO A.rCIf BLDG I

RO I. C,7 DATE 25-JUL-03 TR 44 . 3 BLDG 2
RUNWAY 19L AIRPORT ANOREWS AFB. CAW SPRINGS, MARYLAND BLDG 3

"RLEG I

ELEVATION SUBSYSTEM

w

w

z

0

"c
fr
0-
IL

.0 25 000 025 0.5 075 T OO 1.25 I 50 175 2.00

DISTANCE FROM THRESHOLD (NM)

FIGURE B-9. MLS EL MULTIPATH SEPARATION ANGLE PLOT
FOR A STRAIGHT APPROACH (20 GPA) FLIGHT PATH.

MLS MATHEMATICAL MODELING PERFORMET By
FAA TECHNICAL CENTER. ACD,330
ATLANTIC CiTY AIRPORT. - TB40S

TITLE St-ght ATI AR ArA 2 e ..... .. I - Ar111

RAN R 078 DATE, 26-1UL-93 1T 06 "4.
RUNWAY 191 AIRPORT ANDREWS AFB. CAM SPRINGS. MARYLANO

ELLEVATION SHADOWING

LI

0

0

D

0=4

IL
7

"-25 T.oo 0.25 T so o 700 1 oo 125 I SO IT 7 200

DISTANCE FROM THRESHOLD (NM)

FIGURE B-10. MLS EL COMPOSITE MAGNITUDE PLOT FOR A
STRAIGHT APPROACH (20 GPA) FLIGHT PATH.
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MLS MATHEMATICAL MODELING PERFORMED BY:
FAA TECHNICAL CENTER. ACD-330
ATLANTIC CITY AIRPORT. NJ 08405

TITLE- Stra lght Ap proach a 2 -0ree.. w1t. 1t orstan Arort
RUN a- 07. DATE 26-JUL-93 17:0s:48
RUNWAY 19L AIRPORT ANDREWS AF8. CAW SPRINGS. MRYLAND
ANTENNA: ELB1S REAMWIOTH 1 50

ELEVATION STATIC SPLIT

U

w•
00

UJ

o -

-0.25 000 0.25 0a50 075 1 00 1 25 1 50 1 7S 2o00

DISTANCE FROM THRESHOLD (NM)

FIGURE B-11. MLS EL STATIC ERROR PLOT FOR A
STRAIGHT APPROACH (20 GPA) FLIGHT PATH.

MLS MATHEMATICAL MODELING PERFORMED BY
FAA TECHNICAL CENTER, ACO-330
ATLANTIC CITY AIRPORT, NJ 08405

TITLE SIrTIOSI ApproaHC at 2 de.Rres -th l. "worst- tad A-OIt1
HUN - Oa DATE • 26-JUL-93 17 08:48
RUNWAY 19L AIRPORT:ANDREWS AFB. CAW SPINGS, MARYLAND
ANTENNA EL315 HEAMRIDTH I 50

ELEVATION DYNAMIC SPLIT

w•0

W H

0,25 0.00 0.25 0.50 0.075 00 1.25 I 50 1 75 2.00

DISTANCE FROM THRESHOLD (NM)

FIGURE B-12. MLS EL DYNAMIC ERROR PLOT FOR A
STRAIGHT APPROACH (20 GPA) FLIGHT PATH.
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WS MATHEMATICAL MODELING PERFORMED BY'
FAA TECHNICAL CENTER. ACE-33l
ATLANTIC CITY AIRPORT, NJ 08405

TITLE 5 tra-nt Appoa-ch at 2 .e.9ees In tg "WO#rsr a-a Arclft
RUN .: Oa DATE 25-JUL.93 17 08:48

RUNWAY: IYL AIRPORT ANDREWS AFP. CAM SPRINGS. MARYLAND
ANTENNA: ELBI5 REAIOTH: 1 30
MEAN: 0.01 2-STO TEV: O.0B
TOLERANCE LIMITS VIOLATION 0): 200

ELEVATION PFE SPLIT

D I

-0.25 000 0125 0.50 075 10Do 1 25 1 50 IT"s 200 D

DISTANCE FROM THRESHOLD (NM)

FIGURE B3-13. MLS EL PATH FOLLOWING ERROR PLOT FOR A
STRAIGHT APPROACH (20 GPA) FLIGHT PATH.

AALS MATHEMATICAL MODEL ING PERFORMED RTy

FAA TECHNICAL CENTER. ACO-3TOT

ATLAN TIC CITY AIRPORT NJ OA-us
TITLE. StrIghtN Ap~r,-- .a 2 Ya,a.aa,- I %.rA d -A
PN a -~ T7 ATE 26-JUL..T3 IT OR
RUNWAY: 1YL AIAPORT ANORERS AFR. CAWP SPRINGS. MARYLAND

ANTENNA' ELOIS HEAMWIDTH 1 5O
lAN: TOO 2ýSY YEA 0 OR

TOLERANCE LIMITS VIOLATION 1%I 2 00

ELEVATION CMVN SPLIT

0

w9 .

Al A

5

A I

oT

-o 25 0.00 0 25 0o50 .T75 1Ao 1 25 I5D IT5 2,00

DISTANCE FROM THRESHOLD (NM)

FIGURE B-14. MLS EL CONTROL MOTION NOISE PLOT FOR A
STRAIGHT APPROACH (20 GPA) FLIGHT PATH.
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tS IATHEIATICAL ACODELING PEOFORFUE DY PLOT SYBY0
FAA TECNICAL CENTER, ACO-33. .
ATLANTIC CITY AIRPORT, NJ 08405 A/C 3

TITLE Str- Mght ApproaCh at 4 dogreestr w h 10 -wo9st' an. Arcft: BLOG I
RUN -: ta DATE: 26-JUL-. 3 17:31 26 BLD0 2
RUNWAY' 19L AIRPORT ANREWS AFB. CAW SPRINGS. MARYLAND GROUND

B 8LOG

ELEVATION SUBSYSTEM

0

0.25 000 0.25 0 50 075 1 oo 1 25 150 IT 5 2 Go

DISTANCE FROM THRESHOLD (NM)

FIGURE B-15. MLS EL MULTIPATH RELATIVE MAGNITUDE
PLOT FOR A STRAIGHT APPROACH (40 GPA) FLIGHT PATH.

MILS MATHEMATICAL kIDDELING PERFORMED BY PLOT SFtMSOS
FAA TECHNICAL CENTER. ACO-330
ATLANTIC CITY AIRPORT, NJ D8405R ArC

TITLE. Strarght AtpEroa- t 4tA daqlfS -I ID A -tSt' -t Arrf t 11LD
RUN D I1s GATE 26-JUL-g I17 31 26 BLDG 2
RUNWAYR 19L AIRPORT ANDREWS AFR. CAW SPRINGS. MARYLAND = GROUND

BLDG 3
z RLDG L

ELEVATION SUBSYSTEM

ww

z
<

0

<c

<N

0 -
LIT

'?.025 0.00 0 25 a0s0 0275 t o 1 25 I so 1 75 200

DISTANCE FROM THRESHOLD (NM)

FIGURE B-16. MLS EL MULTIPATH SEPARATION ANGLE PLOT
FOR A STRAIGHT APPROACH (40 GPA) FLIGHT PATH.
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MLS ATHEMATICAL IAOCELING PERFORME BY:
FAA TECHNICAL CENTER. ACDC-30
ATLANTIC CITY AIRPORT. NJ 0B405

TITLE Stra-9ht ApproaN II t44 greA .. if, 10 -. ost" And Arcrft
RUN " "I1 DATE: 26J.UL-93 17 3126
RUNWAY 19L AIRPORT ANDREWS AFG, CAM SPRINGS. MARYLAND

"ELEVATION SHADOWING

m

0

H

0

*-O.25 a000 0,25 0 50 a 75 1 00 1 25 1 5G t 75 20QO

DISTANCE FROM THRESHOLD (NM)

FIGURE B-17. MLS EL COMPOSITE MAGNITUDE PLOT FOR A
STRAIGHT APPROACH (40 GPA) FLIGHT PATH.

MLS MATHEIýTICAL MOEL ING PERFORMED By

F AA TECHNICAL CENTER, ýCo-""
ATLANT IC C IT Y A IRPORT, NJ 0@405

TITLE Str-lht A00ro-- -t 4 I.,ee - l-1 18 "1r0 " Allrft

R.N " 1 f 11 bATEPF' '6JUL-9 S 17 33 30
RUWA Y A9 AI POT AD WSA ,CMP PIN ,MAyAND

ANTENNA ELS 15 BE A DT. 1 6

ELEVATION STATIC SPLIT

a

ON

cc

go
CC

-0 25 o00 0 25 0 075 l o 15 I 50 1S 2 00

DISTANCE FROM THRESHOLD (NM)

FIGURE B1-18. MLS EL STATIC ERROR PLOT FOR A
STRAIGHT APPROACH (40 GPA) FLIGHT PATH.
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MLS MATHEMATICAL MODEL ING PERFORMED BY
FAA TECHNICAL CENTER. ACD-330
ATLANTIC CITY AIRPORT, NJ B8405

TITLE. StraighI Approac R. .I Fegree9 lt h 10 I wo-0tN a-d AYY ft
RUN - Ir. OATS I 25-JUL.93 17 33:30
RUNWAY- ISL AIRPORTANOREW5 AFB, CAIP SPRINGS. MARYLAND
ANTENNA ELB15 REA DI*TH: 50

ELEVATION DYNAMIC SPLIT

0

O5

Or
Co

-o.25 a.0 0 . 25 o 5 so 75 1 . o 1 25 1 50 1 75 2 QO

DISTANCE FROM THRESHOLD H-IM)

FIGURE B-19. MLS EL DYNAMIC ERROR PLOT FOR A
STRAIGHT APPROACH (40 GPA) FLIGHT PATH.

MLS MATHEMATICAL MODEL ING PERFORMED By
FAA TECHNICAL CENTER ACD 330
ATLANTIC CITY AIRPORT. NJ T T405

TITLE A1rN1ht AP 1roRaT I .IOreTR wmt1 IT "NT " 1N d AYCY-T
RUN 1 OATE 26-JAL- 17 33 '0
RUNWAY 19L AIRPORT ANOREWS AFE. CAMP SPRINGS, MARYLAND
ANTENNA ELE15 BEAWIOTR I 50
MEAN- 0.01 2ST0 DEA oA.R
TOLERANCE LIMITS VIOLATION ( 21 .00

ELEVATION PFE SPLIT

-025 To 0uo25 0 50 05 TOO 0 1 25 IS 50 S 20 oo

DISTANCE FROM THRESHOLD U4M)

FIGURE B-20. MLS EL PATH FOLLOWING ERROR PLOT FOR A
STRAIGHT APPROACH (40 GPA) FLIGHT PATH.
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MLS MATHEMATICAL MODELING PERFORMED BY:

FAA TECHNICAL CENTER, ACD.330
ATLANT C C IT A IRPORT. W 08405

TITLE: St,-ght AApH ach t 4 dl -s Wlh 10 *o. t' -d Arc-ft
PUN 0: 11, DATE : 6-JUL- 9 17 33 30
AUNWAY: 19L AIRPORTANDREWS APR. CAMP SPRINGS, MARYLAND
ANTENA ELOIS BEAWIOTH 1,5
MEAN: 000 2-STD OEV: 008
TOLERANCE LIMITS VIOLATION 1%); 2 0

ELEVATION CMN SPLIT

2

o I

w

0

-0.2S 0.00 0.025 0.50 0. 75 I 0n 1 25 I so I 15 .00 A

DISTANCE FPOM THRESHOLD (NM)

FIGURE B-21. MLS EL CONTROL MOTION NOISE PLOT FOR A
STRAIGHT APPROACH (40 GPA) FLIGHT PATH.

MLS MATAHEATICAL MODELING PERFORMED BY. SLOT SIMBOLS

EVA TECHNICAL CENTER. ACT-330

.ATLANTIC CITY AIRPORT: ý. N AtOSll * A IC 3
TITLE: Otlt A;t IAA -I T ¼~ n t,

AU" . I: Ia TATE. Z5-JUL)) 17 5 5:10 Gp NO13ASA..AT A9L AIRPORT ANTREWS AER, CAMP SPRINGS, MARYLAND ALTO 1
ALTO
SLOG 3

ELEVATION SUBSYSTEM

m

24

'-0.00 30.00 .2000 0 -O o 00 00 2000 1000 4000 500 Do

AZIMUTH ANGLE (DEGO

FIGURE B-22. MLS EL MULTIPATH RELATIVE MAGNITUD E
PLOT FOR AN ORBITAL (2624' ABOVE REFERENCE)

H FLIGHT PATH.

B-14



I LS MATHEMATICAL IýELIA PERPOArED BY PLOT SYMBOLS
FAA TECHNICAL CENTER, ACD-330
ATLANTIC CITY AIPPOT, NJ 08405 AIC A

TITLE: Or t t 2624 -h 10 -,-et a-O ACrft AIC
AUN a- Is DATE 26-JUL-93 1755 19 WOUND
RUNWAY: 19L AIAPOAT:ANDAEWS AF8, CAM SPRINGS, MARYLAND B SLOG I

Y BLDG 2
z BLDG 3

ELEVATION SUBSYSTEM

w

0

cw

oE000 -4000 -20G00 0 00 20 00 o00 a0 0000 H.Ao 0000 G A120 Go

AZIMUTH ANGLE (DEG)

FIGURE B-23. MLS EL MULTIPATH SEPARATION ANGLE PLOT
FOR AN ORBITAL (2624' ABOVE REFERENCE) FLIGHT PATH.

MLS MATHEMATICAL IMIELING PEYFORYME By
FAA TECHICAL CENTER, ACD-330
ATLANTIC CITY AIAPORT. NJ 08405

TITLE. 010, -t 2624 -i wo rst" A10rft
AUN I 15d CATE 26-_UL0 27.55 Ia

AUNWAY IYL AIRPORT ANOHEWS AFY. CAWP SPYINGS. MA-YLANT

ELEVATION SHADOWING

m

u

0

,1 Do 31 0 2 o t n n I o 2 o"oD oG oG
ol

*l i iH

-00 TO0 -0 00 "20 00 -10 00 0 00 IA00O 20 00 30 00 40 00 50 O00

AZIMUTH ANGLE (DEG)

FIGURE B-24. MLS EL COMPOSITE MAGNITUDE PLOT FOR AN
ORBITAL (2624' ABOVE REFERENCE) FLIGHT PATH.
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MLS MATHEMATICAL MODEL I1MI PERFORMED BY
FAA TECHNICAL CENTER. ACD-330
ATLANTIC CITY AIRPORT, NJ 0840$

TITLE, 0rbIt at 2624 - Ih 10 -rstI an A tlft
RUN -. 1d DATE 26-JUL-91 1800 24

RUNWAY' 19L AIRPORT-ANDREWS AFP, CAW SPRINGS. MARYLAND
ANTENNA: ELB15 BEAMWIDTH:IT5T

ELEVATION STATIC SPLIT

0

ON

Lo
co

.40 00 -30.00 -213Do -10.00 0a00 G T TO 20 T0 3000 40 00 50 0o

AZIMUTH ANGLE (DEG)

FIGURE B-25. MLS EL STATIC ERROR PLOT FOR AN
ORBITAL (2624' ABOVE REFERENCE) FLIGHT PATH.

MLS MATHEMATICAL MODEL ING PERFORMED BY
FAA TECHNICAL CENTER, ACT-3TO
ATLANTIC CiTY AIRPORT, NA 08405

TITLE O Rbit a| 26 .j _9 wo a 0 24
RUN A: II DATE - JUL-T3 14:00 24
RUNWAY 19L AIRPORT ANDREWS APB, CAM SPRINGS. MARYLAND
ANTENNA ELBt5 BEAI IDTH'1 50

ELEVATION DYNAMIC SPLIT

0

c,I

a

-40 o0 -3000 -2000 -IO TA 0 l OT T 0O0 3GOTT 40 00 5000 o

AZIMUTH ANGLE (ODEG)

FIGURE B-26. MLS EL DYNAMIC ERROR PLOT FOR AN
ORBITAL (2624' ABOVE REFERENCE) FLIGHT PATH.
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MS MATHEMATICAL MODEL IN PEBFORMED BY:

EAA TECHNICAL CENTER. ACD-330
ATLANTIC CITY AIRPORT, T B0405

TITLE OrbIt t 2624' -lth 10 "worst" fnd Acrft
BUN " Isd DATE 26-JUL.93 1800024
RUNWAY: 19L AIRPORT:ANDREWS AFB. CAW SPRINGS. MARYLAND
ANTENNA: ELB15 BEANWIDTH: 50
MRAN .0 04 2-STD DEV 0.24
TOLERANCE LIMITS VIOLATION (%) 2.0D

ELEVATION PFE SPLIT

0

Cr.
cc
LC

* CC

'-40.00 -3 00 -20.00 -T 00 0 00 1000 20Q.0 30 0a -, Do so Go

AZIMUTH ANGLE (DEG)

FIGURE B-27. MLS EL PATH FOLLOWING ERROR PLOT FOR
AN ORBITAL (2624' ABOVE REFERENCE) FLIGHT PATH.

MLS MATHEMATICAL MODELII PERFORMED BY
FAA TECHNICAL CENTER. ACD-320

ATLANTIC CITY AIRPORT, NJ 08405
TITLE: Or, it at 2624 -th iG -worst A,,r t

UN : 15d DATE 26-JUL-93 180 24

UNRWAY I9L AIRPORT ANOREWS APR. CAMP SPBINOS. MARYLAND
ANTENNA EL815 BEA IDTH I 50
M •TN -0 05 2 STD DEV 0.23
TOLERANCE LIMITS VIOLATION (•)2.0

ELEVATION CMN SPLIT

U

Al
0

crGM

40 0D -3D.00 .20 0O 0 Go 0 00 Io 00 20 00 3000 Do DO 40 00 P

AZIMUTH ANGLE (DEG)

FIGURE B-28. MLS EL CONTROL MOTION NOISE PLOT FOR
AN ORBITAL (2624' ABOVE REFERENCE) FLIGHT PATH.
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MLS MATHEMETAICAL kMEL ING PERFORMEO DT PLOT SYBYOS
FAA TECHNICAL CENTEA. ACO-330

ATLANTIC CITY AIRPORT, NJ 08405 AIC 3
TITLE Orbit at 1747' I4VA) wIth ID .wo s and ACrft AIC 1
RUN : 19,d OATE 26-JUL-93 18:49:13 GROUND
RUNWAY 19L AIRPORTANOREWS AFB, CAW SPRINGS. MARYLAND BLOG 1

y BLDG 2
8 SLOG 3

ELEVATION SUBSYSTEM

o
a 7

0

C40.00 .30000 20 G 00 a000 2D00 30 O0 40 00 00 00

AZIMUTH ANGLE (DEG)

FIGURE B-29. MLS EL MULTIPATH RELATIVE MAGNITUDE
PLOT FOR AN ORBITAL (1747' ABOVE REFERENCE)

FLIGHT PATH.

MLS MATHEMATICAL MDEL ING PERFOR•ED RU: POT. STARL
FAA TECHNICAL CENTER. ACD-.30
ATLANTIC CITY AIRPORT. NJ DR405 AIC 3

TITLE 010,- 1t 171 ( VA) ' Oh ID - -'I -N d APP,,t AIC

RUN ' 1g9 DATE 26,JUL-03 41 Pg = GROUND
RUNWAY: 19L AIAPORT:ANDREWS AF9, CAM SPRINGS. MARYLAND E= LOG I

B SLDG 2
B SLDG 3

ELEVATION SUBSYSTEM

w
0

z
<H

<H

0l.

'-40 00 .300 D 20 00 -10 0.0 000 10 00 2000O 303.0 40 00 a 000

AZIMUTH ANGLE (DEG)

FIGURE B3-30. MLS EL MEJLTIPATH SEPARATION ANGLE PLOT
FOR AN ORBITAL (1747' ABOVE REFERENCE) FLIGHT PATH.
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MLS MATHEMATICAL MODELINO PERFORMED BY:
FAA TECHNICAL CENTER, ACD-]30
ATLANTIC CITY AIRPORT, W 01405

TITLE OrbIt I T7a7 IOW[ A) ith 10 "orst- aTO Arcllft
RUN a- 9,1 DATE: 26-JUL-93 18:40913
RUNWAY 19L AIRPORT ANDREWS AFR. CAMP SPRINGS, MARYLAND

ELEVATION SHADOWING

C3
u
F-

w H

OH

NJ

0

400D - S00D -20 00 - S0.00 0.00 tO D0 0DD 30. DO .I OD sD 00D

AZIMUTH ANGLE (DEG)

FIGURE B-31. MLS EL COMPOSITE MAGNITUDE PLOT FOR AN
ORBITAL (1747' ABOVE REFERENCE) FLIGHT PATH.

MLS MATHEMATICAL MDEOLING PERFORMED By
FAA TECHNICAL CENTER, ACD-)3D
ATLANTIC CITY AIRPORT, NJ 0D40:

TITLE Obilt It 1747' (O AI -t IA " w or", RAn ArCrf.
RUN - 191d DATE 26-JUL-93 18 51 27

RUNWAY 19L AIRPORT ANDRERS APR. CAM SPRINGS. MARYLAND
ANTENNA ELSe5 BEAMWIDTH 1 50

ELEVATION STATIC SPLIT

Lo

W

c?
NJ

.400 o -30 0 -20.00 -108 D 000 ID D0 2000 30.00 8008 So O0

AZIMUTH ANGLE (DEG)

FIGURE B-32. MLS EL STATIC ERROR PLOT FOR AN
ORBITAL (1747' ABOVE REFERENCE) FLIGHT PATH.
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WS MATHEMATICAL MODELING PERFORMED BY:
FAA TECHNICAL CENTER, ACD-330
ATLANTIC CITY AIRPORT, N 09405

TITLE: Orbit at 17,17 IJA) ith t 0 "I orst" and A-r ft
RUN a: 190 DATE 26-JUL,93 1 :04:27
RUNWAY: 19L AIRPORT:ANOREW5 AFR, CAMP SPRINGS, MARYLAND
ANTENNA: EL015 BEAMWIETH I 50

ELEVATION DYNAMIC SPLIT

(9

OH

w

-10.00 -3o.o0 -20.00 -0.0o 0.00 1000o 20 00 30o00 400 .0

AZIMUTH ANGLE (CEO)

FIGURE B-33. MLS EL DYNAMIC ERROR PLOT FOR AN
ORBITAL (1747' ABOVE REFERENCE) FLIGHT PATH.

AILS MATHEMATICAL ICOEL IN PERFOME WY
FAA TECHNICAL CENTER. ACO.330

ATLANTIC CITY AIRPORT. NJ 09405
TITLE Orbit HI 0747 (MYA) waith I1¾~,0"ort 4nd ArCr I
ALUN a- lHd DATE TA2-JUL-g) IA"54 20
LUNWAY: 1YL AIEPORT:ANDREWS AFE. CAME SPRINOS. MARYLAND

ANTENNA- ELRIS EEAMWIDTR 1.50
H MAN: -0.04 2*STD YET" 0.24

TOLERANCE LIMITS VIOLATION (H]2 00

ELEVATION PFE SPLIT

w

OH

•40O0 0 O0T -200O0 .1000 00O0 1000O 2000 3000R 400 s 00

AZIMLITH ANGLE (DEG)

FIGURE.B-34, MLS EL PATH FOLLOWING ERROR PLOT FOR
AN ORBITAL (1747' ABOVE REFERENCE) FLIGHT PATH.
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MLS MATHEMATICAL MODELING PERFORMED BY:
FAA TECHNICAL CENTEA. ACD-330
ATLANTIC CITY AIRPORT, N 08405

'TITLE Orblt at t747. 0MVAI with I 7"orst- IRd Artlft
RUN " 19 DATE 26-JUL-93 18:54 27
RUNWAY 19L AIRPORTANDREWS AFB, CAW SPRINGS, MARYLAND

ANTENNA: ELBIT BEABIDTH: 50
BAN' -0.05 25STD DEV 0 23
TOLERANCE LIMITS VAOLATION (): 2.00

ELEVATION CMN SPLIT

w

a2

Cc
0

w:

.40.0D -30.00 -20.00 -10.00 0.00 10.00 20.00 3G.00 40 00 0.00

AZIMUTH ANGLE (DEG)

FIGURE B-35. MLS EL CONTROL MOTION NOISE PLOT FOR
AN ORBITAL (1747' ABOVE REFERENCE) FLIGHT PATH.

MLS MATHEMATICAL MOOELING, PERFORMED BY' PLzOT.SMqOS

EAA TECHNICAL CENTER, ACD-330
ATLANTIC CITY ARPOE T. NJ OBA0S - AIC 3

TITLE Orb0 t at 4492 .It '0 Awrt" An C d rr- G.OUND
RUN a 234 DATE 20-JUL 03 GB:37 40 BLDO I
RUNWAY 19L AIRPORTANDREWS AFB. CAW SPRINGS, MARYLAND 3 BLDG 2

SBLDG 3
a BLDG -

ELEVATION SUBSYSTEM

mo

a -0o

-400Do - B00. .20.00 .10 00 0 0O 10 00 20 00 3R 40 4a 00 SO DO

AZIMUTH ANGLE (DEG)

FIGURE B-36. MLS EL MULTIPATH RELATIVE MAGNITUDE
PLOT FOR AN ORBITAL (3492' ABOVE REFERENCE) FLIGHT

PATH.
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MILS MATHEMATICAL MCIDELIIG PERFOREE DT PLOT SY0,QS
FAA TECHNICAL CENTER. ACD-330 .
ATLANTIC CITY AIRPORT. N.J 08405= AIC

TITLE: Orbr A, 3492" .i11 10 "worsUt and Arcrft GROUND
RUN A: 234 DATE 27-JUL-93 08:37:00 BLDG I
RUNWAY 19L AIRPORTANOREWS AFB, CAW SPRINGS, MARYLAND BLDG 8

1 BLDG 3Sz :BLDG 4

ELEVATION SUBSYSTEM

w

w

(0z
z

0

<N

-o 00 -30. 00 -20 00 10, 0o 0 00 10.00 20.00 30 0o .o 00 50 00

AZIMUTH ANGLE (DEG)

FIGURE B-37. MLS EL MULTIPATH SEPARATION ANGLE PLOT
FOR AN ORBITAL (3492' ABOVE REFERENCE) FLIGHT PATH.

MILS MATHEMATICAL MODEELIlNG PERFORMED BY

FAA TECHNICAL CENTER. ACD-330
ATLANTIC CITY AIRPOAT. NJ 08405

TITLE. Orbni al 3492 11(h 'a "o tA and Arc'_'
RL 0 23. DATE 27-JUL93 08.37 40
RUNWAY 19L AIRPORT ANDREWS AFS, CAW SPRINGS, MARYLAND

ELEVATION SHADOWIN1G

300

0.

O
0:D

-40.00 -30.00 -20 00 .10.00 T.OO 1000 g 0 00 ?0.00 40.00 50 00

AZIMUTH ANGLE (DEG)

FIGURE B-38. MLS EL COMPOSITE MAGNITUDE PLOT FOR AN
ORBITAL (3492' ABOVE REFERENCE) FLIGHT PATH.
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MLS MATHEWATICAL MODELING PERFORMED By
FAA TECHNICAL CENTER. ACO-330
ATLANTIC CITY AIRPORT. NJ 08405

TITLE. Obot at 3492 th 10 '--t s " Ian Alrt ft
RUN 0 23d DATE : 27-JA.93 08 42 34
RAUWAY: 19L AIRPORT:ANOREWS AFR, CAP SPRINGS. MARYLAND
ANTENNA: EL8S1 BEA.RIOTT :l 50

ELEVATION STATIC SPLIT

0
w

* 0

IrOc
Er

c?

0-

-40.00 -30000 -20.00 -t0 00 0 00 10.00 20.00 30 00 0 00 50.00

AZIMUTH ANGLE (DEG)

FIGURE B-39. MLS EL STATIC ERROR PLOT FOR AN
ORBITAL (3492' ABOVE REFERENCE) FLIGHT PATH.

MILS MATHEMATICAL MODELING PERFORIED BE
FAA TECHNICAL CENTER. AEC.330
ATLANTIC CITY AIRPORT, NJ 08405

TITLE: 0,r 1 RI 2492 t1 10 " t. d Ar1 ft
RUN I 23d DATE 27-JUL.9' 08,1234
RUNWAY, 19L AIRPORT ANOREWS AF, CAW SPRINGS. MARYLAND
ANTENNA ELBIS REAMRIDTH 1.50

ELEVATION DYNAMIC SPLIT

•o
W

?

02 H

0.000 -30.00 .20.00 -10 T 000 100 20 00 30.00 40.o0 5000

AZIMUTH ANGLE (DEG)

FIGURE B-40. MLS EL DYNAMIC ERROR PLOT FOR AN
ORBITAL (3492' ABOVE REFERENCE) FLIGHT PATH.
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MIS MATHEMATICAL MODE NG PERFORMED BY:
FAA TECHNICAL CENTER, ACD-330
ATLANTIC CITY AIRPORT. N 08405

TITLE: Orbil at 34,92' with 10 .worst' and Arcrtt
PUN 0: 23d DATE : 27-JUL•93 08:42:34
PUNWAY: I9L AIRPORT'ANDREWS AFS. CAMP SPRINGS, MARYLAND
ANTENNA: ELS15 aEA0WIOTH:150

O AAN .-0.04 2*STO DEV: 0.24
- TOLERANCE LIMITS VJOLATIOA (%) 2.00

ELEVATION PFE SPLIT

w

SI
ON

w

-.0.00 -30.00 -20.00 -10.00 0.00 10.00 20.00 30. 00 10 00 50 00

AZIMUTH ANGLE (DEG)

FIGURE B3-41. MLS EL PATH FOLLOWING ERROR PLOT FOR
AN ORBITAL (3492' ABOVE REFERENCE) FLIGHT PATH.

MIS MATHEMATICAL MODEL ING PERFORMED 00Y
FAA TECI-IICAI. CENTER. AC0-330
ATL ANTIC CITY AIRPORT. NJ 0040$

TITLE: Orb t 't 3492 -th 10 A4It' And ATTII
RAN , 2 34 d ATE 27-JUL.90 01141234

RUNwAY: 10L AIEORIT ANDRERS AFPR CAMP SPRINGS. MARYLAND
ANTENNA EIL01 REAMPIOTA 1 50

oMEAN .0.05 2-STO OFT: 0.23
TOLERANCE LIMITS VIOLATION I) 2.-00

OELEVATION CMN SPLIT

CD

0
a

Oc

W " N

40.00 .30.00 .20.00 -10 00 0.00 10.00 20 00 30 00 40 o0 50 0

AZIMUTH ANGLE (DEG)

FIGURE B-42.. MLS EL CONTROL MOTION NOISE PLOT FOR
AN ORBITAL (3492' ABOVE REFERENCE) FLIGHT PATH.
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Appendix C
DME/P Modeling Results
List of Illustrations

Figure Page

C-I. DME/P Uplink Multipath Relative Magnitude Plot for a
Straight Approach (30 GPA) Flight Path C-5

C-2. DME/P Uplink Relative Time Delay Plot for a Straight
Approach(3 0 GPA) Flight Path C-5

C-3. DME/P Downlink Multipath Relative Magnitude Plot for
a Straight Approach (30 GPA) Flight Path C-6

C-4. DME/P Downlink Relative Time Delay Plot for a
Straight Approach (30 GPA) Flight Path C-6

C-5. DME/P Uplink Composite Magnitude Plot for a Straight
Approach (30 GPA) Flight Path C-7

C-6. DME/P Downlink Composite Magnitude Plot for a
Straight Approach (30 GPA) Flight Path C-7

C-7. DME/P Static Error Plot for a Straight Approach (30
GPA) Flight Path C-8

C-8. DME/P Dynamic Error Plot for a Straight Approach (30
GPA) Flight Path C-8

C-9. DME/P Path Following Error Plot for a Straight
Approach (30 GPA) Flight Path C-9

C-10. DME/P Control Motion Noise Plot for a Straight
Approach (30 GPA) Flight Path C-9

C-1. DME/P Uplink Multipath Relative Magnitude Plot for a
Straight Approach (20 GPA) Flight Path C-10

C-12. DME/P Uplink Relative Time Delay Plot for a Straight
Approach (20 GPA) Flight Path C-10

C-13. DME/P Downlink Multipath Relative Magnitude Plot for
a Straight Approach (20 GPA) Flight Path C-Il

C-14. DME/P Downlink Relative Time Delay Plot for a
Straight Approach (20 GPA) Flight Path C-Il

C-15. DME/P Uplink Composite Magnitude Plot for a Straight
Approach (20 GPA) Flight Path C-12
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C-16. DME/P Downlink Composite Magnitude Plot for a
Straight Approach (20 GPA) Flight Path C-12

C-17. DME/P Static Error Plot for a Straight Approach (20
GPA) Flight Path C-13

C-18. DME/P Dynamic Error Plot for a Straight Approach (20
GPA) Flight Path C-13

C-19. DME/P Path Following Error Plot for a Straight
Approach (20 GPA) Flight Path C-14

C-20. DME/P Control Motion Noise Plot for a Straight
Approach (20 GPA) Flight Path C-14

C-21. DME/P Uplink Multipath Relative Magnitude Plot for a
Straight Approach (40 GPA) Flight Path C-15

C-22. DME/P Uplink Relative Time Delay Plot or a Straight
Approach (40 GPA) Flight Path C-15

C-23. DME/P Downlink Multipath Relative Magnitude Plot for
a Straight Approach (40 GPA) Flight Path C-16

C-24. DME/P Downlink Relative Time Delay Plot for a
Straight Approach (40 GPA) Flight Path C-16

C-25. DME/P Uplink Composite Magnitude Plot for a Straight
Approach (40 GPA) Flight Path C-17

C-26. DME/P Downlink Composite Magnitude Plot for a
Straight Approach (40 GPA) Flight Path C-17

C-27. DME/P Static Error Plot for a Straight Approach (40
GPA) Flight Path C-18

C-28. DME/P Dynamic Error Plot for a Straight Approach (40
GPA) Flight Path C-18

C-29. DME/P Path Following Error Plot for a Straight
Approach (40 GPA) Flight Path C-19

C-30. DME/P Control Motion Noise Plot for a Straight
Approach (40 GPA) Flight Path C-19

C-31. DME/P Uplink Multipath Relative Magnitude Plot for an
Orbital (2624' above ref.) Flight Path C-20

C-32. DME/P Uplink Relative Time Delay Plot for an Orbital
(2624' above ref.) Flight Path C-20
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C-33. DME/P Downlink Multipath Relative Magnitude Plot for
an Orbital (2624' above ref.) Flight Path C-21

C-34. DME/P Downlink Relative Time Delay Plot for an
Orbital (2624' above ref.) Flight Path C-21

C-35. DME/P Uplink Composite Magnitude Plot for an Orbital
(2624' above ref.) Flight Path C-22

C-36. DME/P Downlink Composite Magnitude Plot for an
Orbital (2624' above ref.) Flight Path C-22

C-37. DME/P Static Error Plot for an Orbital (2624' above
ref.) Flight Path C-23

C-38. DME/P Dynamic Error Plot for an Orbital (2624' above
ref.) Flight Path C-23

C-39. DME/P Path Following Error Plot for an Orbital (2624'
above ref.) Flight Path C-24

C-40. DME/P Control Motion Noise Plot for an Orbital (2624'
above ref.) Flight Path C-24

C-41. DME/P Uplink Multipath Relative Magnitude Plot for an
Orbital (1747' above ref.) Flight Path C-25

C-42. DME/P Uplink Relative Time Delay Plot for an Orbital
(1747' above ref.) Flight Path C-25

C-43. DME/P Downlink Multipath Relative Magnitude Plot for
an Orbital (1747' above ref.) Flight Path C-26

C-44. DME/P Downlink Relative Time Delay Plot for an
Orbital (1747' above ref.) Flight Path C-26

C-45. DME/P Uplink Composite Magnitude Plot for an Orbital
(1747' above ref.) Flight Path C-27

C-46. DME/P Downlink Composite Magnitude Plot for an
Orbital (1747' above ref.) Flight Path C-27

C-47. DME/P Static Error Plot for an Orbital (1747' above
ref.) Flight Path C-28

C-48. DME/P Dynamic Error Plot for an Orbital (1747' above
ref.) Flight Path C-28

C-49. DME/P Path Following Error Plot for an Orbital (1747'
above ref.) Flight Path C-29
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C-50. DME/P Control Motion Noise Plot for an Orbital (1747'
above ref.) Flight Path C-29

C-51. DME/P Uplink Composite Magnitude Plot for an Orbital
(3492' above ref.) Flight Path C-30

C-52. DME/P Uplink Relative Time Delay Plot for an-Orbital
(3492' above ref.) Flight Path C-30

C-53. DME/P Downlink Multipath Relative Magnitude Plot for
an Orbital (3492' above ref.) Flight Path C-31

C-54. DME/P Downlink Relative Time Delay Plot for an
Orbital (3492' above ref.) Flight Path C-31

C-55. DME/P Uplink Composite Magnitude Plot for an Orbital
(3492' above ref.) Flight Path C-32

C-56. DME/P Downlink Composite Magnitude Plot for an
Orbital (3492' above ref.) Flight Path C-32

C-57. DME/P Static Error Plot for an Orbital (3492' above
ref.) Flight Path C-33

C-58. DME/P Dynamic Error Plot for an Orbital (3492' above
ref.) Flight Path C-33

C-59. DME/P Path Following Error Plot for an Orbital (3492'
above ref.) Flight Path C-34

C-60. DME/P Control Motion Noise Plot for an Orbital (3492'
above ref.) Flight Path C-34
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Results of modeling effort of the six scenarios with the 10 worst-
case contributors of multipath on the guidance provided by the
DME/P are presented in this section.
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FIGURE C-1. DME/P UPLINK RELATIVE. RELDEL PLOTUDE
A STRAIGHT APPROACH (3T GPA) FLIGHT PATH.
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WS MATHEMATICAL MODELING PERFOTMED BY PLOT SYMSOL S
FAA TECHNICAL CENTEA, ACO-330
ATLANTIC CITY AIRPORT, NJ 09405 BLDO N

TITLE: Strae ht APproARA at 3 -qr-ees A to "worst, -rcrft, tope 8LOG 14
OAR TATE 2.-JUL-0S t2:Jt:4N 3 SLOG 15

RUNWAY: t0L AIRPORT:ANDREWS AFB. CAW SPAINGS, MARYLAND = ALOG 13
t BSLDG 4
A SLOG

DME/P DOWNL INK

'y

o 1 Xz y y

SYY
A •

o ' yY

o M i P

FAAA TEC $CLCNER C-3

T0I25 005 0 t25 0,50 075 tO o 25 50 I. . 200 .

DISTANCE FROM THRESHOLD (aM)

FIGURE C-3. DME/P DOWNLINK MULTIPATH RELATIVEMAGNITUDE PLOT FOR A STRAIGHT APPROACH (30 GPA)
FLIGHT PATH.
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FAA TECHdNICAL CENTER. ACO-)OO
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TITLE. 5tCr~gtt AH~trARCH RI 3 aegCrees a 10 "worst' arYCft, lAto ALTO 1-
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FIGURE C-4. DME/P DOWNLINK RELATIVE TIME DELAY PLOT
FOR A STRAIGHT APPROACH (30 GPA) FLIGHT PATH.
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MS MATHEMAT ICAL DL I NG PERFORMED BY
FAA TECHNICAL CENTER. ACD-331
ATLANTIC CITY AIRPORT, W 08405

TITLE. StraigSt APproac" at 3 der -A 11 10 "wrst arcrfA. ARpo

RUN " 03, DATE 26-JUL-93 16 41 46
RUNWAY 1L AIRPORTANDREWS AFR. CAMP SPRINGS. MARYLAND

D51ýME/P UPL INK SHADOWING
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FIGURE C-5. DME/P UPLINK COMPOSITE MAGNITUDE PLOT
FOR A STRAIGHT APPROACH (30 GPA) FLIGHT PATH.

ALS MATHEMATICAL MODELING PERFORI6O BY
FAA TECHNICAL CENTER. ACD-330
ATLANTIC CITY AIRPORT, NJ 08405

TITLE S ,l&ght ATRo Acn at 3 d-OreeS / O "wost.. .R. t, tIpo
RUN a 03. DATE. 26JUL-J I 9 41 46

RUNWAY 10L AIRPORT ANDREWS AFB, CAMP SPRINGS, MARYLAND
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FIGURE C-6. DME/P DOWNLINK COMPOSITE MAGNITUDE PLOT
FOR A STRAIGHT APPROACH (30 GPA) FLIGHT PATH.
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kLS MATHEMATICAL MODELING PERFORMED BY
FAA TECHNICAL CENTER. ACD-330
ATLANTIC CITY AIRPORT, N 08405

TITLE SItarTht Approach A" 3 d'gre- l. 0 .0 or$" arcrIt. topo
PLN " 03, DATE 26-JUL.93 16A 3"s0
RUNAY: 19L AIRPORT ANPREWS AFB. CAW SPRIN•S, MARYLAND
ANTENNA: OMEN PULSE: PCOC21200 DETECTOR:DAC FILTER N FILTER

DME/P MEAN STATIC
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FIGURE C-7. DME/P STATIC ERROR PLOT FOR A STRAIGHT
APPROACH (30 GPA) FLIGHT PATH.

MLS MATHEMATICAL MODEL IN PERFORMED BY
FAA TECHNICAL CENTER. ACD-S30
ATLANTIC CITY AIRPORT, - 0840S

TITLE" S tra, lI A.oR_ Ocn AT . d.s w'l 10" .. e•v .TYftI . lope
RUN : 03. DATE OA-JiJUL-3 15 AS 50
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FIGURE C-8. DME/P DYNAMIC ERROR PLOT FOR A STRAIGHT
APPROACH (30 GPA) FLIGHT PATH.
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MS ATHEMATETICAL MODELIG PERFORMED BY:
FAA TECHNICAL CENTER. ACDO-A0
ATLANTIC CITY AIRPORT, NJ 00405

TITLE: SIraight ARRtoacflat 3 degrees w- I0"orsU . aacrft, tPOE
RUN " Ia' DATE 26-JUL-93 16 43"50
RUN-*T: 19L AIRPORT:ANDREWS AFB, CAW SPRINGS. MARYLAND
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FIGURE C-9. DME/P PATH FOLLOWING ERROR PLOT FOR A
STRAIGHT APPROACH (30 GPA) FLIGHT PATH.
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FIGURE C-10. DME/P CONTROL MOTION NOISE PLOT FOR A
STRAIGHT APPROACH (30 GPA) FLIGHT PATH.
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MLS MTHEtMATICAL MODEL ING PERFORMED BY: PLOT SYMBOLS
FAA TECHNICAL CENTER. ACD-330
ATLANTIC CITY AIRPORT, NJ 00405 B BLOG 6

TITLE; Straight ApBPoaoC at 2 degrees wlth 10 "worst* and Arcrft BLOG 14
BUN "a 07. DATE. 26-JUL.93 17 05844 N BLDG 4
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FIGURE C-12. DME/P UPLINK RELATIVE TIME DELAY PLOT
FOR A STRAIGHT APPROACH (20 GPA) FLIGHT PATH.
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MLS MATHEMATICAL MODELING PERFORMED BY: PLOT SYMBOLS
FAA TECHNICAL CeNTER, ACO-330
ATLANTIC CITY AIRPORT, NJ 08405 BL DG A

TITLE: Straiht Approach At 2 degr... 10 .dorst 884 ArCfl BLEG 14
RUN - 077 DATE 26-JUL.93 17O0E44 0 6 BLDG 4
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FIGURE C-14. DME/P DOWNLINK RELATIVE TIME DELAY
PLOT FOR A STRAIGHT APPROACH (20 GPA) FLIGHT PATH.
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MLS MATHEMAT I CAL MOEL I NG PERFORMED BY
FAA TECHNICAL CENTER, ACD-330
ATLANTIC CITY AIRPORT, N 08405

TITLE: Srl-.1ht A.Pr-aoh .1 2 .- grees w-th O"orst and Acrft" 1 07' DATE: 26-JUL-93 17 06:44
RUWAY 191 AIRPORT ANDREWS AFS, CAW SPRINGS. MARYLAND
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FIGURE C-15. DME/P UPLINK COMPOSITE MAGNITUDE PLOT
FOR A STRAIGHT APPROACH (20 GPA) FLIGHT PATH.

WS MATHEMATICAL MCEL ING PERFORMD BY:
FAA TECHNICAL CENTER, ACD-330
ATLANTIC CITY AIRPORT, NJ 00405

TITLE: Straigh t Approach at 2 degrs -w-th 10 -wor5t" and Arcrft
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FIGURE C-16. DME/P DOWNLINK COMPOSITE MAGNITUDE P
PLOT FOR A STRAIGHT APPROACH (20 GPA) FLIGHT PATH.
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AS MATHEMATICAL MODELING PERFORMED BY'
FAA TECHNICAL CENTER. ACOD.330
ATLANTIC CITY AIRPORT, NJ 00405

TITLE Sto ht Approach 1 2 1 .OreeSwIt'l II "--" dA ft
RUN : 07' DATE . 26-JUL-9,3 7:06,48
RUNWAY ISL AIRRT ANDREWS AFE, CAW SPRINGS, MARYLAND
ANTENNA: OMAN PULSE, PC0C21200 DETECTORDAC FILTER: NO FILTER
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FIGURE C-17. DME/P STATIC ERROR PLOT FOR A STRAIGHT
APPROACH (20 GPA) FLIGHT PATH.

ML S MATHEMATICAL MODELING PERFORMED RB:
FAA TECHNICAL CENTER. ACD-330
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TITLE: Straol t A.pro c_ "t 2 dgreeI wg t8 10 "wors." anh AF-rft
PAN - 07. DATE 26-JUL"93 1100 `4
RUNWAY 19L AIRPORTANDREWS AFB, CAM SPRINGS. MARYLAND
ANTENNA DOMN PULSE PCOC21200 DETECTOR DAC FILTER NO FILTER

DME/P MEAN DYNAMIC

cl

04

7-0 25 0.00 0 2S 0 50 0 75 OQ 1 25 1 50 1 75 2 on

DISTANCE FROM THRESHOLD (NM)

FIGURE C-18. DME/P DYNAMIC ERROR PLOT FOR A
STRAIGHT APPROACH (20 GPA) FLIGHT PATH.
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WS MATHEMAT ICAL MODEL ING PERFORMED BY
FAA TrC-ICAL CENTER. ACD-330
ATLANTIC CITY AIRPORT, N. 08405

TITLE SLraight Approach I 2 d.gr, .. ,th 10 --wrt' ard Arcrft
RAUN .: 07. DATE 26-JUL-93 17:08:48
RUNWAY' 19L AIRPORT'ANOREWS AFB. CAW SPRINGS. MARYLAND
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FIGURE C-19. DME/P PATH FOLLOWING ERROR PLOT FOR A
STRAIGHT APPROACH (20 GPA) FLIGHT PATH.
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FAA TECEICAL CENTER. ACD-330
ATLANTIC CITY AIRPORT. NJ 08405
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FIGURE C-20. DME/P CONTROL MOTION NOISE PLOT FOR A
STRAIGHT APPROACH (20 GPA) FLIGHT PATH.
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MLS MATHEMATICAL KI ELING PERFORMD 9: PLOT SYMBOLS
FAA TECHNICAL CENTER. ACO-330
ATLANTIC CITY AIRPORT, NJ 0B40S BLOC

TITLE. Srtr 9q. Approact 4 e.gr. s w- .t$, 104"wost .11 ArcrIt BLOG 14
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FIGURE C-21. DME/P UPLINK MULTIPATH RELATIVE
MAGNITUDE PLOT FOR A STRAIGHT APPROACH (40 GPA)

FLIGHT PATH.

MLS MATHEMATICAL k4IOELING PERFOPF O BY PLOTySYMBOLS
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FIGURE C-22. DME/P UPLINK RELATIVE TIME DELAY PLOT

OR A STRAIGHT APPROACH (40 GPA) FLIGHT PATH.
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WSS MATHEMATICAL MODEL ING PERFORMED BY: 'lOT SYMBOLS
FAA TECHNICAL CENTER, ACD-330
ATLANTIC CITY AIRPORT. NJ 08405 * BLDG 6

TITLE: Stra-ght Appro.c. athIt 4 dqes i.th 10 "wolst- and Arcrft BLDG 0 I
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FIGURE C-23. DME/P DOWNLINK MULTIPATH RELATIVE
MAGNITUDE PLOT FOR A STRAIGHT APPROACH (40 GPA)

FLIGHT PATH.
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w IS

0z

'CU

o

- S U

yt

-0 ,25 O.00 0.25 750 0.75 1 0 7255 5050 1 75 2 00

DISTANCE FPOM THIESHOLD (NM)

FIGURE C-23. DME/P DOWNLINK RELATIVE TIME DELAY
PLOT FOR A STRAIGHT APPROACH (40 GPA) FLIGHT PATH.
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MILS MATHEMATICAL MOELING PERFORMED BY
FAA TECHICAL CENTER. ACD-130
ATLANTIC CITY AIRPORT, N R8405

TITLE StrlaRht Approach at 4 Regre0 with 10 "wrst- and Acrlft
RUN : 11. DATE. 26-JUL-93 17:31:26
RUNWAY' 19L AIRPORT ANDREWS AFB, CAW SPRINGS, MARYLAND

DME/P UPLINK SHADOWING

2

0

1-

22~~0 .

<0

-. 25 0D00 0.25 0.50 015 I oR 1 2S 1 50 I 5 2.00

DISTANCE FROM THRESHOLD (NM)

FIGURE C-25. DME/P UPLINK COMPOSITE MAGNITUDE PLOT
FOR A STRAIGHT APPROACH (40 GPA) FLIGHT PATH.

MLS MATHEMATICAL MODELING PERFORMED BY
FAA TECHNICAL CENTER, ACD,330

ATLANTIC CITY AIRPORT, NJ 08405
TITLE 511alqh6 ApProa 'h aA I derees it" - o * wAt. ean A-T11
RUN . 10 DATE 26-JUL-33 10 3126

RUNWAY: 9L AIRPORT ANDREWS AFB, CAR SPRINGS. MARYLAND

DME/P DOWNL INK SHADOWING

22

LU

"-o 2S oýoo 02s 05 so 0 75 1 O0 1 25 1 so I7 Is Do

DISTANCE FPOM THPIESHOLD [NM)

FIGURE C-26. DME/P DOWNLINK COMPOSITE MAGNITUDE
PLOT FOR A STRAIGHT APPROACH (40 GPA) FLIGHT PATH.
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W S MATHEMAEMTICAL MODEL I N PERFORMED BY:
FAA TECHNICAL CENTER, ACD-330
ATLANTIC CITY AIRPORT, NJ 08405

TITLE- Straight Aoproah al 4 9r .. iIh, 1 "wort0 and Arcrft
RUN . Ita DATE 26-JUL.93 I7 33:30

RUNWAY: 19L AIRPORTTANDREWS APR. CAW SPRINGS. MARYLAND

ANTENNA: OMBN PULSE. PCOC2I200 DETECTOR-DAC FILTER NO FILTER

DME/P MEAN STATIC

F-

0 "

-- 0.25 O.DO 0.25 0. o 075 1 D0 1 25 1.50 1 75 2 00

DISTANCE FROM THRESHOLD (NM)

FIGURE C-27. DME/P STATIC ERROR PLOT FOR A STRAIGHT
APPROACH (40 GPA) FLIGHT PATH.

LS MATHEMATICAL MODELING PERFORMED BY
FAA TECHNICAL CENTER. ACD-3OD

ATLANTIC CITY AIRPORT. NJ 00405
TITLE: SIraiIht ADE0oach R1 4 d.Sarewith ID .- 1s1 a2d A-rft1
RUN . 11 DATE .2-JUL-3 17 33:30
RUNWAY- 19L AIRPORT ANDREWS AFP. CAM SPRINGS. MARYLAND

ANTENNA: DURN PULSE PCOC21200 DETECTOR:DAC FILTER S FILTER

DME/P MEAN DYNAMIC

0

(I

c, A

.-0 25 D 0D 025 ODSP 0 75 1 o0 1 25 I 50 IS 2 00

DISTANCE FROM THRESHOLD (NM)

FIGURE C-28. DME/P DYNAMIC ERROR PLOT FOR A
STRAIGHT APPROACH (40 GPA) FLIGHT PATH.
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MLS MATHEMATICAL MOEL ING PERFORIMED BY:
FAA TECHNICAL CENTER, ACD-330
ATLANTIC CITY AIRPORT. "' 08405

TITLE: Straght APAEroAER It 4 degreew 10 T IoAst TAd Ar1rr
RUN , 1l1 OATE 206-JUL'93 17:33:30

RNWAYT NIl AIRPOPTANOREWS APR, CAMP SPRINGS, "RYLANO
ANTENNA: ONMIN PULSE. PCOC21200 DETECTOR:OAC FILTER. NO FILTER
MEAN 0 T2 2*STD DEV 0 29

H TOLERANCE LIMITS VIOLATION ()R0 00T

H tMF/P MPAN PFP

H I

W H4

H H

-0G.23 0.O0 0.25 0.50 0.75 1,00 1.25 1.50 1.75 2.00

DISTANCE FROM THRESHOLD (NM)

FIGURE C-29. DME/P PATH FOLLOWING ERROR PLOT FOR A
STRAIGHT APPROACH (40 GPA) FLIGHT PATH.

MLS MATHEMATICAL MODELING PEREORMED BY
FAA TECHNICAL CENTER, ACO330
ATLANTIC CITY AIRPORT. NJ 0"a'H

TITLE NIlIght Approach atl deI l c., 1.." 0¼,osU end ATc-1t
PUN . Ift SATE 25-JUL9-3 173) 30
RUNWAY 19L AIRPORT ANDREWS AFP, CAM SPRINGS. MARYLANO
HANTENNA OMAN PULSE PCOC2I200 DETECTOR DAC FILTER NO FILTERSMAN. 0 00 2DST0 DEVA 0.3
TOLERANCE LIMITS VIOLATION (%) 0 a0

DME/P MEAN CMN

pi 12

St

L.

H a

H 0

.0 25 0.oo 0.25 o50 0 75 I 00 I 25 I SO 1 75 2.00

DISTANCE PROM THRESHOLD (NM)

FIGURE C-30. DME/P CONTROL MOTION NOISE PLOT FOR A
STRAIGHT APPROACH (40 GPA) FLIGHT PATH.
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ML S MATHEMAT I CAL MODEL IN PERFORMED BY $ pLOT SYMBOL S
FAA TECHNICAL CENTER, ACD-330
ATLANTIC CITY AIRPORT. NJ 08405 AIC 1

TITLE; 0r-,t at 2624 aI 10 *waorst and Arcrft BLED 2
RUN S: ISd DATE. 26.JUL-93 17 55:19 A BLDG 3

RUNWAY: 19L AIRRPOT ANDrEWS AFR. CAMP SPRINGS. MARYLAND N BLDG la

y BLDG I
O BLDG 3

DME/P UPL INK

m
a.,

:40,00 -30.00 -20,00 -10.00 0.00 10.00 20.00 30,00 10 OD 50 00

AZIMUTH ANGLE (DEG)

FIGURE C-31. DME/P UPLINK MULTIPATH RELATIVE
MAGNITUDE PLOT FOR AN ORBITAL (2624' ABOVE REF.)

FLIGHT PATH.

MILS MAT.EITICAL MOGELlNG PERFOIRMED BY y'aaaaaaaa PLOT 5fSL
AATECHNIA, CENTER, ACO-330 ......

ATLAN IC : ITY AI T, NJ 08405 I /
TITLE. 0rb a G4+w t 1. "wost ..d A-11ft BLDG 2'U a: 5' 'L "AT': 2'",UL ,93 '•7:55:8LD

RUNWAY" Ill Al-FR OTAN{:)•S AFS, CAWP SPRING5. MARYLAND IL 8D 14

g

p-0

w~

.40 oo -3o 00 -20 00 .o oo 0 E0 10.00 20 oE 0 00 E00 5o 00 40

AZIMIUTH ANGLE (DEG)

FIGURE C-32. DME/P UPLINK RELATIVE TIME DELAY PLOT
FOR AN ORBITAL (2624' ABOVE REF.) FLIGHT PATH.
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MLS MArTHEMtATICAL MODEL ING FERFORMUE B8 PLOTBSYROY..
FAA TECHNICAL CENTER. ACD-330

ATLANTIC CITY AIRPORT. NJ 08405 AIC 1

TITLE: OrE,8 at 20 24 lit 1I "G orst a8nd A-CT, aL0 2

RUN I 15d DATE- 26-JUL-93 t7N55 to BLG 3

RUNWAY: 19L AIRPORT:ANDREWS AFR. CAWP SPRINGS, MARYLAND a 8L.0 14
y R8DO 1
z BLDG 4

DME/P DOWNLINK

03

00

Yl

©X

:40.00 -30800 -20.00 . 0 D 0 00 10 00 20.00 ,8.00 40.80 R s 00

AZIMUTH ANGLE (DEG)

FIGURE C-33. DME/P DOWNLINK MULTIPATH RELATIVE
MAGNITUDE PLOT FOR AN ORBITAL (2624' ABOVE REF.)

FLIGHT PATH.

MLT MATHE TICAL LN.ELI NG PERFOChIW 88 PLOT SYMBOLS
FAA TECHNICAL CENTER. ACT-.30
ATLANTIC CITY AIRPORT. ItJ 08405 A A i

TITLE: 010, 88 2624 -11, 0 "-ost aI'd Allrft ÷ LDG 2
OUNO IS" TdATE 26-JUL.9J YS •8 5 BLDG B

RUNWAY' 19L ARIRPORT ANDREWS AFS. CAMP SPRINGS. MARYLAND L 81.0 I4
y BLDG

8 BLDG A

DMEIP DOWNL INK

Lu ?w

_ 0 -

A I

.008o -30.00 20,00 .8 ODD IoTO 20000 Goo 00oo S00T

AZIMUTH ANGLE (DEG)

FIGURE C-34. DME/P DOWNLINK RELATIVE TIME DELAY
PLOT FOR AN ORBITAL (2624' ABOVE REF.) FLIGHT PATH.
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ALS MATHEMATICAL MDEL ING PERFOE0D BY
FAA TECHNICAL CENTER, ACO-330
ATLANTIC CITY AIRPORT, N 09405

TITLE: Orbt t 2Z0 4 w-th t "worst 8n4 Arcrft
RUN , SA DATE 2E.1-UL-S3 1,"5O-j
RUNWAY: 11L AIRPORT:ANOREWS AFS. CAW SPRINGS. MARYLAND

""DME/P UPL INK SHADOWING

0

LU N

'I

0

w
0
:D

- '

a
<N

7-40.00 -30 00 -2000 -1000 0 0 10 00 20 00 30 00 .0 00 50 00

AZIMUTH ANGLE (DEG)

FIGURE C-35. DME/P UPLINK COMPOSITE MAGNITUD E PLOT
FOR AN ORBITAL (2624' ABOVE REF.) FLIGHT PATH.

WS MATHEMATICAL MDEL ING PERFORMED BY.
FAA TECHNICAL CENTER, ACD-330
ATLANTIC CITY AIRPORT, NJ 09405

TITLE: 00,8 RI 2624 .it" lO'ars"anO A(c1f'
RUN ' 1I5d DATE 26-JULT93 .7 55 AI

RUNWAY 19L AIRPORT ANDREWS AFB. CAM SPRINGS. MARYLAND

DME/P DOWNL INK SHADOWING

m

0J

a

w

<N

,40.00 .3000 -20 00 10 00 0.00 (o.00 2000 30 00 40 00 o000

AZIMUTH ANGLE (DEG)

FIGURE C-36. DME/P DOWNLINK COMPOSITE MAGNITUDE
PLOT FOR AN ORBITAL (2624' ABOVE REF.) FLIGHT PATH.

C-22



MDS MATHEMATICAL MODELING PERFORMED 9Y.
FAA TECHNICAL CENTER, ACD-330
ATLANTIC CITY AIRPORT, W 08405

TITLE: OFEit at 2524 -I1h I0 "worst" and A-c1tt
RUN 1: iSd DATE , 2E-JUc-93 19 00:24
RUNWAY: 19L AIRPORT ANOREWS AF8. CAM SPRINGS, MARYLAND
ANTENNA: DMBN PULSE: PC0C21200 DETECTOR:DAC FILTER: TO FILTER

DME/P MEAN STATIC

0

' O.o0 00 3D 00 20.0 H .0 ID o DO1D D0.0 20. Do 3Do 00 .Ad 0 50 00

AZIMUTH ANGLE (DEG)T

FIGURE C-37.. DME/P STATIC ERROR PLOT FOR AN
ORBITAL (2624' ABOVE REF.) FLIGHT PATH.

MLS MATHEMATICAL MODELING PERFORMED Ry
FAA TE CHNICAL CENTER. ACD-330

ATLANTI C C ITY AI RPORT. NJ ORIDS
TITLE Or-t 't 2621 --lI ID HH-' and AICIft

RUN I 15I DOTE 2 6.JUL0 14 0 qo0 24

RUNWAY 19L A IRpPOR T ANSRWES APR. CAME SPRINGS. MARYLAND

H ANTENNA DARN PUILSE. PCOCZ1200 DETECTOR-SAC FILTER NO FILTER

DME/P MEAN DYNAMIC

OH:

W H

k0

olw

a, I I

.40.DO -30.00 -20.00 -1000 000 10,00 2000 3000 40+00 ' HODo

AZIMUTH ANGLE (DEG)

FIGURE C-38. DME/P DYNAMIC ERROR PLOT FOR AN
ORBITAL (2624' ABOVE REF.) FLIGHT PATH.
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MS MATHEMATICAL MODEL ING PERFORMED DY:

FAA TECHNICAL CENTER, ACO-330
ATLANTIC CITY AIRPORT, W 09405

TITLE' 0,I51 at 2624 w1th 10 *w0,9t' and Arcrft
RI -: 15d DATE 26-JULA-93 19:00:24
RUNWAY' 19L AIRPORTANDREWS AFB, CAW SPRINGS. MARYLAND
ANTENNA: OMEN PULSE: PC0C21200 DETECTOR:DAC FILTER: NO FILTER
MEAN: 0.00 2-STO 0EV" 0.00

-TOLERANCE LIMITS VIOLATICN ([): 0.00

0 DME/P MEAN PFE

I-
Lu00

W i

40.00 -3000 "20.0 1000 0.0 10 00 20.00 3000 1000 50 00

AZIMUTH ANGLE (DEG)

FIGURE C-39. DME/P PATH FOLLOWING ERROR PLOT FOR AN
ORBITAL (2624' ABOVE REF.) FLIGHT PATH.

91S MATHEMATICAL MODELING PERFORMED By
FAA TECHNICAL CENTER, ACO-330
ATLANTIC CITY AIRPORT. NJ 08405

TITLE: Ob,t - 2624' -i1 to .. d A,"it

RUN "' IS' DATE 26-JUL.03 19:00 24
RUNRAY' 19L AIRPORT AIDREWS AFR, CAMP SPRINGS. MARYLANO
ANTENNA: DMIN PULSE PCOC21200 DETECTOR DAC FILTER' N FILTER
MEAN' 0.00 20STO DEV 0.00
TOLERANCE LIMITS VIOLATICN f%) 0o.00

OME/P MEAN CMN

a

00

W

-4000 o ,. 20 o .10 0. 0 0o 10 00 20 00 3o oo 0 no 5D0 oR

AZIMUTH ANGLE (DEG)

FIGURE C-40. DME/P CONTROL MOTION NOISE PLOT FOR AN
ORBITAL (2624' ABOVE REF.) FLIGHT PATH.
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MLS MATHEMATICAL MOELING PERFORME R: PLOT SYMBYS
FAA TECHNICAL CENTER. ACD-330
ATLANTIC CITY AIRPORT. NJ 08405 BS 0

TITLE: Orbit at 1747" (9VA) .ith 10 " rst- anid Alcrrt BLDG S
RAN v Id DATE: 26JUL-93 10:49 13 BLD 12
RUNWAY' 19L AIRPORT:ANOREWS AER. CAW SPRINGS, MARYLAND BLDG I4

a±AIC I
8 BL G 13

DMEIP UPLINK

LU
Q"

F- N°

-SO ,OT .40 O0 30T 00 -20 00 T0 00 0.00 'o O0 2 .0 0 00 'D 00

AZIMUTH ANGLE (DEG)

FIGURE C-41. DME/P UPLINK MULTIPATH RELATIVE
MAGNITUDE PLOT FOR AN ORBITAL (1747' ABOVE REF.)

FLIGHT PATH.

MLS MATHEMATICAL MOELING PERFP D HY PLOT SYMBOLS
FAA TECHNICAL • NTYE, ACD-3. . . .
ATLANTIC CITY IRPODT. NJ TR ANG 6

TITLE 01 it RI '.4? _RM At -th 10 - 0 - 't a nd AIrC ft 0LDG 5
RUN T: 19 DATE 26. IL 10 13 BLOG I2
RUNWAY 19L AIRPORT ANDRE AIR. CARE SPRINGS, MARYLAND = BLDG IA

BLDG 13

o ElP IJPL INK

<

YiN

LU

WE

LU

- N

.4000 -30 00 -20 00 -lOOT 0 A0 10.00 20 00 30.00 dO O0 90 00

AZIMUTH ANGLE (DEG)

FIGURE C-42. DME/P UPLINK RELATIVE TIME DELAY PLOT
FOR AN ORBITAL (1747' ABOVE REF.) FLIGHT PATH.
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MLS MTHEMATICAL MOELING PERFORMED BY: PLOT SYMBOLS
FAA TEC-NICAL CENTER, ACD-3D0
ATLANTIC CITY AIRPORT. 0 94115 BLDG

TITLE: Orbi aat1 1747" (O )A wth In.O.ors. and ArCrft BLDG 5
RUN -: SRd DATE: 25-JUL-93 10:49 t3 BLDG 12
RUNWAY: 19L AIRPORT:ANDREWS AFB. CAW SPRINGS. MARYLAND SLOG 14

B AIC I
B BLDG 3

DME/P DOWNLINK

0

a

"-30.00 -B D.00 -30.00 -20.00 10.00 0.00 10D00 20.00 30,00 4'loD

AZIMUTH ANGLE (DEG)

FIGURE C-43. DME/P DOWNLINK MULTIPATH RELATIVE
MAGNITUDE PLOT FOR AN ORBITAL (1747' ABOVE REF.)

FLIGHT PATH

MIS MATHEMATICAL MODELING PER B
FAA TECHNICAL NTER. ACD-330
ATLANTIC CITY IRTPOT. NJ TRAYS BLDG 6

TITLE OrC It Rt TA47 (" AY iS I In aors1 a.n- A-cr1l BLDG 5
AUN , 1IS DATE PS-JUL- 1: BLDG I2
RUNWAY 191 AIRPROT'ANSRE APR. CAMV SPRIANS. MARYLAND a BLDG IR

A BLD IC

DMI /P DOWNLINK

WT g

AZIMUTH ANGLE (DEG)

FIGURE C-44. DME/P DOWNLINK RELATIVE TIME DELAY
PLOT FOR AN ORBITAL (1747' ABOVE REF.) FLIGHT PATH.
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MLS MATHEMATICAL MODELING PERFORMED BY
FAA TECHNICAL CENTER, ACO-330
ATLANTIC CITY AIRPORAT. N 08405

TITLE. Orb at It 1471 (W.VA I I* 0t1 10 o 4,1 Ar1t1L
RUN " 19d DATE O6-JUL.53 '.S4 1I
RUNWAY: 19L AIRPORT ANOREWS AFR, CAM SPRINGS, MARYLAND

DME/P UPL INK SHADOWING

0
U

0

-- -

.o00oo .30.00 .-213 0 o DO o.oo 0o oo 20.00 3E.o 00 0o 50.00

AZIMUTH ANGLE (DEG)

FIGURE C-45. DME/P UPLINK COMPOSITE MAGNITUDE PLOT
FOR AN ORBITAL (1747' ABOVE REF.) FLIGHT PATH.

MLS MATHEMATICAL MODELING PERFORMED BY
FAA TECHNICAL CENTER. ACD-330
ATLANTIC CITY AIRPORT. NJ 08405

TITLE. OtEIt At 1_47 (I.VA) with OF *-orSt' -n4 AlTlft
RUN P 100 DATE 2,JUL,-9 $T:49:13
RUNWAY 19L AIRPORTANDREWS AFB. CAMP SPRINGS. MARYLAND

DME/P DOWNLINK SHADOWING

u•

0

4 0-

-0.0 -30.013 ,20 OO aI 00 0 DO I0 OD 2D 00 30.00 AD 0 oo s .00

AZIMUTH ANGLE (DEG)

FIGURE C-46. DME/P DOWNLINK COMPOSITE MAGNITUDE
PLOT FOR AN ORBITAL (1747' ABOVE REF.) FLIGHT PATH.
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MLS ATHEATICAL MODEL ING FERFORNED BY.
FAA TECHN ICAL CENTER. ACD-330
ATLANTIC CITY AIRPOT, NJ 00405

TITLE: Orbit at 1747' (MAVAT with - *worst° " A-1rft
RUN I 19d DATE - 26.J"UL'93 1:54-27
RUNWAY: 19L AIRPORT ANDREWS AFS, CAMP SPRINGS. MARYLAND
ANTENNA' OMN PULSE: PCOC21200 DETECTOR:DAC FILTER: N FILTER

DME/P MEAN STATIC

0

-40.01 -30.00 -20.00 -10.00 0.00 10.00 20.00 30.00 40.O0 5000

AZIMUTH ANGLE (DEG)

FIGURE C-47. DME/P STATIC ERROR PLOT FOR AN ORBITAL
(1747' ABOVE REF.) FLIGHT PATH.

MLS MTHEMATICAL MODELING PERFODMED By
FAA TECHNICAL CENTER. ACD-330
ATLANTIC CITY AIRPORT. NJ 0R40S

TITLE. 01 0 " 0-AA) 1. 1. O4"wtst1 .. ft1
RON -. I9d DATE 2S-JUL-g3 115402
RUNAY: 19L AIRPORT ANREWS AFPR CAM SPRINGS. MARYLAND
ANTENNA OMAN PULSE PCOC21200 DETECTOR DAC FILTER NI FILTER

DMEIP MEAN DYNAMIC

CL

-40 E0 30.00 .20.00 .10 00 0 00 1000 20 00 30 00 Ao00 o 0o 00.

AZIMUTH ANGLE (DEG)

FIGURE C-48. DME/P DYNAMIC ERROR PLOT FOR AN
ORBITAL (1747' ABOVE REF.) FLIGHT PATH.
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MLS MATHEMATICAL MOELING PERFORMED ey
RAA TECHNICAL CENTER, ACD-330
ATLANTIC CITY AIRPORT. NJ _00_A

TITLE: GiN at R7 (P0VA*) with 'awost an1 A_. rt
RAUN 9d DATE 26-JUL-93 '185A21
RUNWAY 19L AIRPET:ANDREWS AFR, CAW SPRINGS. MARYLAND
ANTENNA OMEN PULSE PCO2 21Ga DETECTOR DAC FILTER: NA FILTER
MEAN: O.0 2-STO DEV: 00
TOLERANCE LIMITS VIOLATION (%): 0 00

OME/P MEAN PFE

cc
az

C)

w

40.oD -3o0. -20.00 -1o.oo 0.50 1000 00o.oo 30.00 40.00 50 00

AZIMUTH ANGLE (DEG)

FIGURE C-49. DME/P PATH FOLLOWING ERROR PLOT FOR AN
ORBITAL (1747' ABOVE REF.) FLIGHT PATH.

MLS MATHEMATICAL MODELING PERFORMER 8Y
FAA TECHNICAL CENTER, ACD-33P
ATLANTIC CITY AIRPORT, NJ 08405

TITLE Orlt A- 14A " (RV.A -i11 10 -1rt 11 A-Tr1t
P .0.9d DATE 26-JUL-A3 18:54E27
RUNWAy 19L AIRPORT ANDEWS AF8, CAM SPRINGS, MARYLAND

ANTENNA: DMN PULSE, PCC21280 OETECTOR:DAC FILTER NO FILTER
MEAN 0.00 2.STD 0ev 0 00
TOLERANCE LIMITS VIOLATION (%) 0 00

OMEIP MEAN CMN

a
ID

-40 00 -30 Do -20.0 .10 0o o DO lo0oo 2o.oo 313 00o S 0

AZIMUTH ANGLE (DEG)

FIGURE C-50. DME/P CONTROL MOTION NOISE PLOT FOR AN
ORBITAL (1747' ABOVE REF.) FLIGHT PATH.

C-29



.LS MATHEMATICAL MODELING PERFORMED BY PLOT SYMBOLS
FAA TECHNICAL CENTER. AC-330.
ATLANTIC CITY AIRPORT. NJ 09405 AIC I

TITLE: Ob,0 't 3492' ith 10 " rworst ArAcr- t BLOG 4
PUN , 23d DATE: 27-JUL-93 01:37,40 BLDG 12
RUNWAY 19L AIRPOBT:ANOPEWS APB. CAW SPRINGS. MARYLAND BLDO 4

B BLDG 3
0 BLDW I3

DME/P UPLINK

ca
0

00

0

'-4000 -30.00 .20.00 -a0 00 0O0 10.00 20.00 30 DO 4000 so 00

AZIMUTH ANGLE (DEG)

FIGURE C-51. DME/P UPLINK COMPOSITE MAGNITUDE PLOT
FOR AN ORBITAL (3492' ABOVE REF.) FLIGHT PATH.

ML5 MATHEW TICAL MODEL IG PERFORMED BY. PLOT SYMBOS

FAA TECHNICAL CENTER. ACD-30.
ATLANTIC CITY AIRPORT NJ 06405 AC 1 I

TITLE: Orb,0 , 0 3492 wit I 0 .. 2 , _Ir'. - BLDG 14
PUN - 234 DOTE '7-JUL-.3 00 37 40 S ,SLOG CG
RUNWAY 19L AIRPOT'ANDREWS AFB. CAW SPRINGS. MARYLAND BLDG 4

3LO

SLOG 13

DME/P UPL INK

w

0

W 0

AZIMUTH ANGLE (DEG)

wr

FIGURE C-52. DME/P UPLINK RELATIVE TIME DELAY PLOT
FOR AN ORBITAL (3492' ABOVE REF.) FLIGHT PATH.
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MLS MATHEMATICAL MO0EL ING PERFORMED BY PLOT SYMBOS
FAA TECHNICAL CENTER. AC-330.
ATLANTIC CITY AI, AiT NJ 084051 AIC

TITLE. 0rbit at 341 92 t Wt ID worst" mndAArrt ELG '4
RUN P 23d DATE' 27-JUL-93 08-37240 BLOC 2
RUNWAY: 19L AIRPORT:ANAREWS APB. CAMP SPRINGS. MARYLAND BLDG 4

y BLOC 3
Sa =BLDG 13

DME/P DOWNLINK

CD

cc

>10.00 -30.00 -20 00 10.00 0.00 10.00 20.00 30,00 4000 50 00

AZIMUTH ANGLE (DEG)

FIGURE C-53. DME/P DOWNLINK MULTIPATH RELATIVE
MAGNITUDE PLOT FOR AN ORBITAL (3492' ABOVE REF.)

FLIGHT PATH.

ALS MATHEMATICAL MIOEL ING PERFORMED BY" P 0 SYMBOS
FAA TECHNICAL CENTER ACD-330
ATLANTIC CITY AIBERT . I NJ 08405 AIC I

TITLE. 0rbit at 3492 a, l0 D wot " Sf0 AraltI BLDG 14
RUN " 23, DATE 27-JUL-93 0TB9 40 7 BL 12
RUNWAY 19L AIPORT ANDOREWS AFB. CAW SPRI NGS . MARYLAND BLDG

BLDG 3
BLDG 13

OME/P DOWNL INK

w g

-40 00 -30.00 -2O 0 on 10 00 0. a0 10.00 ýo0OO 30.00 40. an 50.00

AZIMUTH ANGLE [DEG]

FIGURE C-54. DME/P DOWNLINK RELATIVE TIME DELAY
PLOT FOR AN ORBITAL (3492' ABOVE REF.) FLIGHT PATH.
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M.S MATHEMATICAL MODEL IN PERFORMED BY'
FAA TECHNICAL CENTER, ACD-33D
ATLANTIC CITY AIRPORT., N 08405

TITLE: OrbIt a% 3492 wth 10 "wsorst and Arcrft
RUN 5: 2s. DATE 27-JUL.93 08.37-4D
RUNWAY: t19L AIRPORT:ANCREWS AFR, CAW SPRINGS, MARYLAND

DME/P UPL INK SHADOWING

0

C3

0 2
GE

.10.00 -30.00 -20ý00 -10 00 0.00 10 0o 20.00 30 00 'In00o 5o0,0

AZIMUTH ANGLE (DEG)

FIGURE C-55. DME/P UPLINK COMPOSITE MAGNI TUD E PLOT
FOR AN ORBITAL (3492' ABOVE REF.) FLIGHT PATH.

MLS MATHEMATICAL MOELING P AFORMED BY.
FAA TE HNICAL CENTER, ACD-330

ATLANTIC CITY AIRPORT, NJ 08405
TITLE: O-bt at 3492" -~h 10 "wort' and Arc-ft
RUN -: 23d DATE 27-JUL-93 08:37 40"•WAY ISL AIRPOTtANDREWS APB. CAW SPRINGS, MARYLAND

DMVE/P DOWNL INK SHADOWING

M

Co•

Lu

0

:40,00 -30.00 -20.00 -I0 00 0.00 D O0 20 00 30 00 S0 00 5000

AZIMUTH ANGLE (DEG)

FIGURE C-56. DME/P DOWNLINK COMPOSITE MAGNITUDE
PLOT FOR AN ORBITAL (3492' ABOVE REF.) FLIGHT PATH.
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MLS MAATHEMATICAL MODEL ING PERFORNMED By
FAA TECHNICAL CENTER. ACD-330

ATLANTIC CITY AIRPORT, NJ 08405
TITLE Orbit at 3492 -h I10 -wort' Ind ArCft
RUN 1•8 30 DATE 27-JUL.-3 38:42:34
RUNWAY 19L AIRPORTANDREWS AIR, CAW SPRINGS, MARYLAND
ANTENNA DMBN tULSE: PC0C21200 DETECTOR:DAC FILTER: TI FILTER

DME/P MEAN STATIC

a

OH
0
a

cc

.40 00 -30 00 -20 00 - 0 00 a DO IS cD 20.00 30.00 A00 50 SI00

AZIMUTH ANGLE (DEG)

FIGURE C-57. DME/P STATIC ERROR PLOT FOR AN ORBITAL
(3492' ABOVE REF.) FLIGHT PATH.

MLS MATHEMATICAL MODEL IN PERFOPMD R8Y
FAA TECHNICAL CENTER. ACD-330ATLANTIC CITY AIRPORT, NJ 08405

TITLE Or21t 1 3492 -th 10 - -t- -II Anft

FUN I 23d DATE 27-JUL-93 O 42: 34
RUNWAY 19L AIRPOFrT:NDrEWS AFR, CAW SPRINGS. MARYLAND
ANTENNAA DMBN PULSE. PCOC212U0 DETECTOR:DAC FILTER N,3 FILTER

DME/P MEAN DYNAMIC
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FIGURE C-58. DME/P DYNAMIC ERROR PLOT FOR AN
ORBITAL (3492' ABOVE REF.) FLIGHT PATi.
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MLS MATHEMATICAL MEODELING PERFORMED Y:
FAA TECHNICAL CENTER. ACO-330
ATLANTIC CITY AIRPORT, N 08405

TITLE. Orbit at 3492 Wth 10 "worst ond Arcrft
RUN - 23d DATE : 27-JUL-03 08:4.:34
RUNWAY tOL AIRPORT:ANDREWS AFPR CAW SPRINGS. MARYLAND

S ANTENNA: DLMN PULSE: PCO21200 DETECTOR:DAC FILTER: NO FILTER
W RAN: 0.00 2*STO OEV: 0.00S, TOLERANCE LIMITS VIOLATION (0 0.00

OME/P MEAN PFE

A. I

Or

a
a

° 01L!i

.40.00 .30.00 .20.00 -10.00 0.00 10.00 20 00 30.00 40.00 To 00

AZIMUTH ANGLE (DEG)

FIGURE C-59. DME/P PATH FOLLOWING ERROR PLOT FOR AN
ORBITAL (3492' ABOVE REF.) FLIGHT PATH.

MLS MATHEMATICAL MODEL ING PERFORMED By
FAA TECHNICAL CENTER, AC0-330
ATLANTIC CITY AIRPORT. 08405

TITLE: Gr-It 3492 with a 
0

orI It_ a'd A41rI t
AUN I 23d DATE 2•.JUL-93 00.42.34
RPWAY: 19L AIRPORT-ANDREWS AFP, CAR SPRINGS, MARYLAND
ANTENNA ODMN PULSE PCOC212O DETECTOR'OAC FILTER: N FILTER
MEAN: 0 00 2-STO DEV 0.00

N TOLERANCE LIMITS VIOLATION (1): 0.00

SDME/P MEAN CMN "

1

AME ZIMEAN AMNGL DG

W Ni

.40.00 .30 00 .20.00 .10.00 0 00 tO 00 20 00 30.00 .40 00 50 00 0

AZIMUTH ANGLE (DEG)

FIGURE C-60. DME/P CONTROL MOTION NOISE PLOT FOR AN
ORBITAL (3492' ABOVE REF.) FLIGHT PATH.
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Appendix D
Hangars and Buildings Modeled for Multipath Effects

Appendix D contains tables showing the structure of the data
describing the hangars and buildings that were originally modeled
for evaluation of multipath effects. These data represent part of
the input files used to calculate the quality of guidance to be
provided by the proposed MLS-DME/P installation. Some scatterers
were modeled again in the third set of buildings to evaluate the
effects of their roofs.

The first column contains the reference name and number used to
identify the different scatterers that represent the selected
hangars and buildings. The second through fifth columns contain
the locations of the endpoints of the scatterers in the x-y plane
of the model's reference coordinate system in feet. The "left"
coordinates refer to the end of the current scatterer closest to
the origin, while the "right" coordinates refer to the end of the
current scatterer farthest from the origin. "ELY", in the sixth
column, refers to the height of the base of the scatterer above the
origin in feet. "HGT", in the seventh column, refers to the height
of the top of the current scatterer above its base. "TLT", in the
eighth column, refers to the angle between the surface of the
scatterer and the reference Z axis in degrees. 0 degrees means
that the scatterer stands straight up, with its surface parallel to
the Z axis. "GRCORR", in the ninth column, is the elevation of the
ground halfway between the scatterer and the transmitter. "CMP",
in the last column, is the composition of the modeled scatterer.

SET #1
## X-LEFT Y-LEFT X-RGHT Y-RGHT ELV HGT TLT GRCORR CMP

hngr 01 7373.5 4149.8 7604.1 4149.8 15.8 75.2 0 8 METAL

hngr 02 6786.8 4154.5 7020.7 4154.5 15.8 75.2 0 8 METAL
hngr 03 5709.0 4147.2 5943.5 4147.2 15.8 75.2 0 8 METAL
hngr 04 5123.6 4146.0 5363.0 4146.0 15.8 75.2 0 8 METAL
hngr 05 4557.8 4143.5 4783.2 4143.5 21.3 20.8 0 10 METAL
hngr 06 3949.5 4147.0 4186.7 4147.0 17.8 75.0 0 9 METAL
hngr 10 8558.2 -1067.0 8866.0 -1067.0 24.0 53.0 0 12 METAL
hgrll 21 8010.8 -1070.6 8242.0 -1070.6 32.0 61.6 0 16 METAL
hgrll 22 7942.6 -1085.9 8010.8 -1085.9 32.0 61.6 0 16 METAL
hgrIl 23 7881.2 -1065.9 7942.6 -1065.9 32.0 61.6 0 16 METAL
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SET #2
## X-LEFT Y-LEFT X-RGHT Y-RGHT ELV HGT TLT GRCORR CMP

hngr 12 4977.6 -1652.3 5646.8 -1652.3 18.8 42.5 0 9 METAL
hngr 13 4552.7 -1655.9 4895.1 -1655.9 18.8 42.5 0 9 METAL
hngr 14 3824.5 -1657.2 4481.3 -1657.2 19.8 42.5 0 9 METAL
hngr 15 3574.4 -1656.4- 3758.4 -1656.4 26.0 42.8 0 13 METAL
3629a 51 7563.6 -1072.5 7659.2 -1072.5 24.0 50.0 0 12 METAL
3629b 52 7518.8 -1125.7 7563.6 -1125.7 24.0 50.0 0 12 METAL
3001a 53 2057.1 -1127.9 2080.7 -1127.1 5.0 35.0 0 2 METAL
3001b 54 1964.7 -1137.6 2057.1 -1137.6 5.0 35.0 0 2 METAL
2487 55 1180.1 -1034.4 1265.2 -1034.4 5.0 25.0 0 2 METAL
1915 56 7930.0 4148.4 8168.4 4184.4 15.8 34.0 0 8 METAL

SET #3
## X-LEFT Y-LEFT X-RGHT Y-RGHT ELV HGT TLT GRCORR CMP

hngr 12 4977.6 -1652.3 5646.8 -1652.3 18.8 27.2 0 9 METAL
hgr rf 32 4977.6 -1648.3 5646.8 -1648.3 46.0 18.0 45 9 METAL
hngr 13 4552.7 -1655.9 4895.1 -1655.9 18.8 27.2 0 9 METAL
hgr rf 33 4552.7 -1651.9 4895.1 -1651.9 46.0 18.0 45 9 METAL
hngr 14 3824.5 -1657.2 4481.3 -1657.2 19.8 27.2 0 9 METAL
hgr rf 34 3824.5 -1653.2 4481.3 -1653.2 47.0 18.0 45 9 METAL
hngr 15 3574.4 -1656.4 3758.4 -1656.4 26.0 27.2 0 13 METAL
hgr rf 35 3574.4 -1652.4 3758.4 -1652.4 46.0 18.0 45 13 METAL
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Appendix E
Aircraft Used for Multipath and Shadowing Effects

The table below shows the structure of the data describing the C5A
Galaxy aircraft that was modeled for evaluation of multipath
effects. This data represent another section of the input files
used to calculate the quality of guidance to be provided by the
proposed MLS-DME/P installation.

The first column contains the reference name and number used to
identify the different modeled aircraft. The second through fifth
columns contain the locations of the endpoints of the aircraft'in
the x-y plane of the model's reference coordinate system in feet.
The "tail" coordinates refer to the location of the tail of the
aircraft fuselage, while the "ckpt" coordinates refer to the
location of the cockpit of the aircraft in the model's coordinate
system. "ALT", in the sixth column, refers to the height of the
center of the fuselage above the origin in feet. "AT", in the
seventh column, is a reference number to the aircraft type being
modeled (a C5A Galaxy). The representation of the aircraft
(diameter of fuselage, height and shape of tail, etc.) changes with
aircraft type to properly represent the profile of the desired
aircraft. "GRCORR", in the eighth column, is the elevation of the
ground halfway between the aircraft and the transmitter.

## X-TAIL Y-TAIL X-CKPT Y-CKPT ALT AT GRCORR

01 523.5 -800.0 276.5 -800.0 0. 11 0.
02 2297.05 -487.3 2472.35 -312.7 23.583 11 5.
03 9728.5 -500.0 9481.5 -500.0 37.583 11 12.
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Appendix F
Hangars and Buildings Modeled for Shadowing Effects

The table below shows the structure of the data describing the
buildings that were originally modeled for evaluation of shadowing
effects. These data f-present part of the input files used to
calculate the quality of guidance to be provided by the proposed
MLS-DME/P installation.

The first column contains the reference name and number used to
identify the different scatterers that represent the selected
hangars and buildings. The second through fifth columns contain
the locations of the endpoints of the scatterers in the x-y plane
of the model's reference coordinate system in feet. The "left"
coordinates refer to the end of the current scatterer closest to
the origin, while the "right" coordinates refer to the end of the
current scatterer farthest from the origin. "ELY", in the sixth
column, refers to the height of the base of the scatterer above the
origin in feet. "HGT", in the seventh column, refers to the height
of the top of the current scatterer above its base.

## X-LEFT Y-LEFT X-RGHT Y-RGHT ELV HGT

01 7373.5 4149.8 7604.1 4149.8 15.8 75.2
02 6786.8 4154.5 7020.7 4154.5 15.8 75.2
03 5709.0 4147.2 5943.5 4147.2 15.8 75.2
04 5123.6 4146.0 5363.0 4146.0 15.8 75.2
05 4557.8 4143.5 4783.2 4143.5 21.3 20.8
06 3949.5 4147.0 4186.7 4147.0 17.8 75.0
10 8558.2 -1067.0 8866.0 -1067.0 24.0 53.0
21 8010.8 -1070.6 8242.0 -1070.6 32.0 61.6
22 7942.6 -1085.9 8010.8 -1085.9 32.0 61.6
23 7881.2 -1065.9 7942.6 -1065.9 32.0 61.6

## X-LEFT Y-LEFT X-RGHT Y-RGHT ELV HGT

12 4977.6 -1652.3 5646.8 -1652.3 18.8 42.5
13 4552.7 -1655.9 4895.1 -1655.9 18.8 42.5
14 3824.5 -1657.2 4481.3 -1657.2 19.8 42.5
15 3574.4 -1656.4 3758.4 -1656.4 26.0 42.8

3629a 51 7563.6 -1072.5 7659.2 -1072.5 24.0 50.0
a 3629b 52 7518.8 -1125.7 7563.6 -1125.7 24.0 50.0

3001a 53 2057.1 -1127.9 2080.7 -1127.1 5.0 35.0
3001b 54 1964.7 -1137.6 2057.1 -1137.6 5.0 35.0
2487 55 1180.1 -1034.4 1265.2 -1034.4 5.0 25.0
1915 56 7930.0 4148.4 8168.4 4184.4 15.8 34.0
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Appendix G
Data Collected During Terrain Survey

The following tables list the original data collected during a site
survey of the terrain, in the region of the proposed MLS EL
station. The point nunmers are used in reference to figure 6, an
illustration of the surveyed data points. The first group lists
the actual collected information. The second group lists the
original information transformed into the reference coordinate
system. Distances are in feet. Surveyed elevations (first group)
are in feet relative to MSL.

Point Distance Distance Surveyed
Number from Threshold from Cntrln Elevation
1. 999.780 173.892 277.117
2. 1006.343 270.293 276.850
3. 1013.677 370.017 272.034
4. 1010.810 468.706 272.632
5. 1016.182 565.603 273.446
6. 918.119 563.412 271.832
7. 916.893 464.258 270.565
8. 913.199 364.049 270.518
9. 904.741 269.687 276.189

10. 806.953 266.910 276.148
11. 799.876 366.177 270.918
12. 791.626 463.641 269.181
13. 789.929 561.690 269.313
14. 688.497 552.957 268.342
15. 687.756 456.857 268.971
16. 684.611 356.646 275.261
17. 685.688 256.954 277.351
18. 586.433 244.236 277.856
19. 594.086 342.933 276.816
20. 591.687 441.659 272.693
21. 583.767 540.940 270.569
22. 231.120 536.260 272.734

Point
Number X Y z
1. 8755.220 173.892 24.117
2. 8748.657 270.293 23.850
3. 8741.323 370.017 19.034
4. 8744.190 468.706 19.632
5. 8738.818 565.603 20.446
6. 8836.881 563.412 18.832
7. 8838.107 464.258 17.565
8. 8841.801 364.049 17.518
9. 8850.259 269.687 23.189

10. 8948.047 266.910 23.148
11. 8955.124 366.177 17.918
12. 8963.374 463.641 16.181
13. 8965.071 561.690 16.313
14. 9066.503 552.957 15.342
15. 9067.244 456.857 15.971
16. 9070.389 356.646 22.261
17. 9069.312 256.954 24.351
18. 9168.567 244.236 24.856
19. 9160.914 342.933 23.816
20. 9163.313 441.659 19.693
21. 9171.233 540.940 17.569
22. 9523.880 536.260 19.734
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Appendix H
Data Used to Represent Terrain as Plates

The following tables show data used to develop mathematical modeling input
files to represent the topographical structure in the region of the MLS EL
station. These data were extracted from the topographical information
collected during the site survey and listed in appendix G. The resulting
representation of the terrain, using the plates described below, is
illustrated in figure 5. Each plate requires three points to define its size,
location, and orientation. Table H-1 lists the plate identification and the
coordinates of the three corners input to the model. Table H-2 identifies the
survey points used for each of the plates that were input to the model.

## X-VALU Y-VALU Z-VALU Plate Number Corners Used

plateOS 8850.259 269.687 23.189
8841.801 364.049 17.518 plate 05 7, 6,13
8955.124 366.177 17.918 plate 06 8, 7,12

plate06 8841.801 364.049 17.518 plate 07 9, 8,11
8838.107 464.258 17.565 plate 08 10,11,16
8963.374 463.641 16.181

plate07 8838.107 464.258 17.565 plate 09 11,12,15

8836.881 563.412 18.832 plate 10 12,13,14
8965.071 561.69 16.313 plate 11 15,14,21

plateO8 8948.047 266.91 23.148 plate 12 16,15,20
8955.124 366.177 17.918
9070.389 356.646 22.261 plate 13 17,16,19

plate09 8955.124 366.177 17.918 plate 17 18,21,22

8963.374 463.641 16.181
9067.244 456.857 15.971

platelO 8963.374 463.641 16.181 Table H-2
8965.071 561.69 16.313
9066.503 552.957 15.342

platell 9069.312 256.954 24.351
9070.389 356.646 22.261
9160.914 342.933 23.816

platel2 9070.389 356.646 22.261
9067.244 456.857 15.971
9163.313 441.659 19.693

platel3 9067.244 456.857 15.971
9066.503 552.957 15.342
9171.233 540.94 17.569

platel7 9168.567 244.236 24.856
9171.233 540.94 17.569
9523.88 536.26 19.734

Table H-1
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The following sections explain the function of the theory of
operation of MLS and the subsystems that are used to implement
these theories. The discussion is divided into an explanation of
the angular and range measurements, followed by some site issues
and problems that may occur with a particular installation
regarding signal multipath and shadowing.

I.1 ANGULAR MEASUREMENTS.

I.l.1 AZ.

The AZ antenna generates a narrow, vertical, fan-shaped beam and
sweeps it across the coverage area, as shown in figure I-1. At the
beginning of the AZ time slot, the AZ preamble is transmitted.
This sets up the processor in the receiver to decode AZ angle data.
The "TO" scan starts. At the end of the scan, there is a pause
before the "FRO" scan starts.

During a single scanning cycle, the aircraft receiver detects a
"TO" and a "FRO" pulse, and measures the time between the two
pulses. As shown in figure I-1, it is the elapsed time between
receipt of the TO and FRO pulses that determines the angular
location of the aircraft, and thus, its displacement from the
selected course.

The antenna can actually scan out to +/- 620, but courses within 20
of the edges of the service area are not used, in order to avoid
losing the signal and having to go through the acquisition cycle
again. The normal scan of most installations is +/- 400. Some
locations may require a 600 scan to serve an additional runway or
heliport, or to support curved approaches. On the other hand, some
may scan as low as +/- 100 at locations where special' site or
multipath problems exist.

1.1.2 EL.

The same angular measurement principle used for determining
azimuth, is used for determining the elevation angle. The EL
antenna generates a narrow horizontal fan-shaped beam and sweeps it
up and down through the coverage area shown in figure 1-2.

During the elevation scan cycle, the aircraft receiver detects a
"TO" pulse from the upward scan and a "FRO" pulse from the downward
scan. The elapsed time between the two pulses establishes the
elevation angle of the aircraft, and thus its displacement from the
glide path angle selected by the pilot.

Because the aircraft flight control system is considerably more
responsive to changes in elevation than to changes in azimuth, the
elevation scan cycle is repeated 39 times per second, as compared
to 13 times per second for the azimuth cycle.
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1.2 FACILITY SITING CONSIDERATIONS.

1.2.1 General.

The electronic equipment for the AZ and back azimuth (BAZ) stations
are mounted inside thei antenna enclosures. The EL and DME/P
stations are contained in weatherproof enclosures.

1.2.2 AZ.

The desired location for the AZ will be on the extended runway
centerline between 1000 and 1500 feet beyond the stop end of the
runway, as shown in figure 1-3. If a location on the centerline is
not feasible, the AZ station should be located within the alternate
siting area shown in figure 1-3. The penalty will be a slightly
higher decision height. Care must be taken to keep the AZ station
clear of jet blast areas.

1.2.3 EL.

The desired location for the EL station is 400 feet offset from the
runway centerline. The range of offset distances for Cat I
facilities is from a minimum of 250 feet to a maximum of 600 feet.
At Cat II and III locations, the EL station must not be closer than
325 feet. As shown in figure 1-4, the longitudinal displacement
distance from the threshold of the landing runway is chosen to
provide an threshold crossing height (TCH) of 50 feet.

Like the ILS glide path, the MLS glide path has a conical
characteristic. Because the elevation station is offset from the
runway centerline, the glide path along the runway centerline is a
hyperbolic curve, which flares slightly above the straight line
path along the boresight of the antenna. This effect increases if
the offset distance is increased, or if a higher glide path angle
is selected for the MLS approach.

To minimize shadowing and multipath effects, the EL station should,
if possible, be sited on the opposite side of the runway from the
entry taxiway, as shown in figure 1-4.

1.2.4 DME/P.

The preferred location of the DME/P is at the AZ site. However,
the antenna can be moved up to 450 feet, if necessary, to avoid
penetration of obstacle clearance surfaces, and approach light
planes. MLS facility configurations can be varied to meet
operational requirements. For example, an MLS has been installed
at Jasper, Alberta, Canada, with the DME element collocated with
the EL, instead of the AZ element, in order to reduce the shadowing
effects of a nearby mountain. MLS installations for heliports may
have their AZ, EL, and DME elements collocated.
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1.2.5 BAZ.

The siting criteria for the BAZ is the same as that shown for the
AZ in figure 1-3.

1.2.6 Out-of-Coveraqe-Indication (OCI) Siqnals.

It is desirable for the MLS cockpit display to show a flag warning
whenever the aircraft is outside of the normal service volume of
the MLS. However, in some out-of-coverage areas, spurious MLS
signals caused by terrain reflections, or other anomalies, may
still be present. To prevent false guidance from this cause,
provision is made to transmit OCI pulses from directional antennas.
This will result in a flag warning on the deviation indicator in
the cockpit. OCI signals can be provided up to eight regions
outside the azimuth service volume, and two regions outside the EL
service volume, as needed.

Figure 1-5, which is a magnified view of the AZ time slot, shows
the location of the AZ OCI pulses within this time slot. When the
aircraft receives an OCI pulse, which is stronger than the scanning
signal, a flag warning indication appears on the MLS cockpit
display.

The OCI feature is intended to be implemented only as needed, on a
case-by-case basis. Figure 1-6 shows a typical scenario where AZ
OCI signals might be required.

1.2.7 Clearance Guidance Siqnals

Although most MLS facilities will have a proportional coverage of
+/- 400 in azimuth, a minimum installation would cover only +/-
100. For any AZ equipment which provided less than +/- 400 of
proportional coverage, clearance guidance (fly left/fly right)
signals will be provided to produce a minimum guidance sector of
+/- 400, as shown in figure 1-7.

Within a clearance guidance sector, the azimuth guidance is not
proportional to the angular displacement of the aircraft from the
approach course. It is a full-scale left or right indication of
which way the approaching aircraft should turn in order to enter
the proportional coverage region.

The clearance signals are comprised of four pulses, two of which
are transmitted in pairs from directional antennas, into the fly-
left and fly-right clearance sectors. Figure 1-8 shows the
location of the clearance pulses within the AZ function time slot,
adjacent to the TO and FRO scanning beams. Pulses No. 1 and No. 4
are transmitted into Sector A. The wide time spacing between these
two pulses produces a fly-left indication on the cockpit display.
Pulses 2 and 3 are transmitted into Sector C. Their narrow time
spacing produces a fly-right indication on the display.
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1.2.8 Critical Areas

Critical areas are regions around the MLS stations wherein objects,
vehicles, or aircraft may cause serious signal degradation as a
result of multipath or shadowing. Care must be taken that roads
and taxiways do not pass through these critical areas unless it has
been determined that the vehicular traffic will not interfere with
the transmitted signals. If the traffic is proven to interfere and
cannot be rerouted, traffic can be restricted during instrument
approach operations. Definitions for MLS critical areas are now
being developed.

1.2.9 Shadowing

To minimize the effects of shadowing of the EL beam by aircraft
awaiting takeoff clearance, it is usually desirable to site the EL
station on the opposite side of the runway from the entry taxiway,
as shown in figure 1-4. Another factor which should be considered
is the shadowing of the EL beam by nearby buildings or other
obstacles, as shown in figure 1-9. In some cases the effects of
shadowing can be reduced by adjustment of the EL station location
in order to place the shadows in a non-critical portion of the
coverage area. The simplicity of siting an EL station facilitates
this solution.
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1.2.10 Multipath.

The MLS has to operate in an airport environment that is subject to
multipath (reflections) from hangers, aircraft, and other objects
in the vicinity. Potentially, these effects can introduce errors
in the guidance signals. Therefore, careful attention has been
given in the design of the system, to resist the effects of
multipath.

Because of the short wavelengths used by the MLS, relatively small
flat surfaces can produce specular (mirror-like) reflections of
high intensity. However, these reflections are highly variable'in
amplitude, phase, and duration. The MLS angle (azimuth and
elevation) receiver is designed with acquisition and validation
circuits, to select and process the strongest and most persistent
signal. This allows the receiver to operate in strong multipath
environments.

Three basic principles are used in the system design to reduce the
effects of multipath:

a. Try to keep multipath signals from arriving in the
receiver at the same time as the scanning beams.

b. If multipath signals do arrive at the same time, reduce
multipath signal magnitude to a negligible value.

c. Average rapidly varying signal components.

The received MLS scanning beam may be distorted if interfering
signals are present at the same time the direct scanning beam is
received. This situation, known as in-beam multipath, is shown in
figure 1-10. It can occur if the separation angle between the
aircraft and the reflecting object is within 1.7 beamwidths.

However, if the separation angle is more than 1.7 beamwidths, the
reflected signal will arrive at a different time than the direct
signal, and therefore will not distort the beam envelope, or cause
a guidance error. This situation, which is shown in figure I-l1,
is known as out-of-beam multipath. One way to reduce in-beam
multipath effects is to use an antenna with a narrower beam width.
Another way to reduce multipath effects is to design the antenna
patterns with the lowest possible sidelobe levels.

The vertical pattern of the AZ antenna is designed with a rapid
reduction in amplitude (a sharp cutoff) on the lower side. The
reduction is approximately 6 dB per degree below the horizontal.
This ensures that close-in reflections, from the ground in front of
the antenna, are much weaker than the direct signal received in the
aircraft.
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If there is a strong reflector on one side of the final approach
course (i.e. mountain range), the scan of the azimuth antenna can
be tailored to not illuminate the mountain (see figure 1-12). The
horizontal pattern of the elevation antenna is designed with a
rapid reduction in amplitude beyond 400 from the centerline.

Although multipath can be strong for short periods, it is not
persistently stronger than direct signals. Fortunately, the high
data rates (13 scans-per-second for azimuth and 39 scans-per-second
for elevation) make it possible to average the direct and multipath
signals. Averaging by the receiver filter serves to reduce the
rapidly varying azimuth and elevation errors as the aircraft flies
through the multipath interference region.

The distance-measuring portion of the MLS is designed to resist
multipath effects which would otherwise introduce range errors.
This is of particular interest when the aircraft gets down to a low
altitude in the final part of the approach where range accuracy is
most important. For this reason, the DME/P of the MLS uses a very
accurate pulse processing method, more resistant to multipath
effects, when operating within 7 nautical miles of the ground
station. This mode of operation is called the Final Approach (FA)
Mode.

AZ -_ ----

. 400

FIGURE 1-12. SCAN LIMITED TO AVOID MULTIPATH.

1-12



Appendix J

An Introduction to the MLS Math Model

J.l PURPOSE.

This section introduces the Microwave Landing System (MLS)
Mathematical Model for interested persons not familiar with the
model's purpose and features. It discusses the format of the
model, the input and output parameters, and additions and
improvements planned for future versions of the model.

J.2 INTRODUCTION.

The MLS Mathematical Model is a computer simulation of the effects
of an airport environment on the MLS signal. It is used to provide
guidance in the selection of MLS and siting configuration for a
specific airport environment, by predicting the errors due to
multipath in that environment.

J.3 THE MODEL SOURCE CODE.

The complete model consists of four computer programs. The flow
diagram shows the relationships among these four programs. The
source code, about 40,000 lines, is written in ANSI standard
FORTRAN-77, and has been successfully implemented on a variety of
mainframe and personal computers.

A complete site simulation is performed in two stages. The first
stage is the execution of program BMLST. This is the propagation
(or transmitter) model, a simulation of the signal in space as it
interacts with objects in the airport environment. Output from
BMLST is written to two files. One file provides plotting
information to BPLOTT, a program that plots the multipath and
shadowing effects on the signal from each of the ground stations---
AZ, EL and DME/P. The second file is the input file to the second
stage of simulation.

In this second stage, program BMLSR simulates the behavior of an
MLS receiver. At each point along the flight path, the system (or
receiver) model evaluates the signal it is receiving in order to
distinguish the direct beam from any caused by multipath. Once the
receiver is confident that it has acquired the direct signal, it
compares this MLS angle with the true position of the aircraft (as
defined by the flight path coordinates, discussed in the section on
input parameters) . The angular difference between these positions
is the error at that flight path point for that system (AZ or EL).
This error is written to an output file, which is used by program
BPLOTR to plot the error data. BPLOTR also filters the error data
with both path following error (PFE) and control motion noise (CMN)
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with both path following error (PFE) and control motion noise (CMN)
algorithms, and plots the filtered data with appropriate error
tolerances (discussed in the section on output) . These plots allow
the user to evaluate the receiver errors and determine whether or
not they fall within acceptable tolerance limits.

J.4 INPUT PARAMETERS.

The model accepts input from an ASCII text input file consisting of
13 sections of input data. The input data fall roughly into three
categories: (1) a description of the airport environment, (2) the
configuration of the MLS and DME/P systems, and (3) a specification
of the flight path of the receiver.

The airport environment is described by coordinate information
relative to the runway. The coordinate system assumes an origin at
the centerline of the stop end of the runway. It is a right-handed
coordinate system. The positive X axis lies along centerline
points toward the threshold and the positive Z axis points up.
Each obstacle must be identified in separate sections of the input
file as to its potential effect on the MLS signal---reflective
(scattering) or diffractive (shadowing). Obstacles that can be
defined include buildings, aircraft (shadowing aircraft can be
moving), terrain features, and a runway hump. Obstacles are
represented by simple geometric shapes, such as rectangles,
triangles, and cylinders. User input defines the location of the
object, and whatever additional information is required (vertical
orientation, surface characteristics, velocity, etc.).

For the configuration of the ground systems, the user specifies the
location and type of each transmitter. The user can also indicate
a frequency and scan angle limits for each transmitter. The
appropriate data for representing the specified transmitter type
are loaded into memory by program BMLSR, and are used in the
evaluation of the signal at the receiver. The receiving antenna is
assumed omnidirectional. The propagation portion of the model
(BMLST) assumes an omnidirectional transmitter pattern in its
operation, and does not consider the characteristics of the
receiver other than its location in space.

Currently, the path of the receiver is represented as a set of 2 to
36 coordinate triplets (X, Y, Z), which define the locations of the
flight path waypoints. Multipath calculations are made for points
between the waypoints depending on the velocity (in feet/second)
and distance increment (in feet) defined by the user. These latter
values are constrained by the model's assumption of a data rate of
5 hertz for the PFE and CMN filter algorithms.
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J.5 OUTPUT.

Output from the math model is provided in graphic form by the two
plotting programs (BPLOTT for the propagation model, BPLOTR for the
system model). Output from BPLOTT includes tables of data and
plots (flight path plo5ts, airport map) that allow the user to
verify the input data. In addition, a multipath plot shows the
multipath/direct ratio in decibels, for each point along the flight
path, for each of the six highest multipath sources in the
environment. This is accompanied by a plot of the separation angle
in degrees (for AZ and EL), or the time delay in nanoseconds (for
DME/P). If the user has specified shadowing obstacles, a shadowing
plot shows the effect of the simulated shadowing obstacles on the
magnitude of the direct signal. For both scattering and shadowing,
each transmitter is plotted separately, as requested by the user.

The output from BPLOTR is a plot of the angle error, in degrees,
for each system. The DME/P interrogator is not implemented by the
system model at this time. Error plots are provided in four
formats. The static error shows the raw error at each receiver
point. The dynamic error also shows the raw error with account
taken of the movement of the receiver. PFE and CMN plots show the
error as filtered by these algorithms, respectively. In addition,
tolerance and coverage limits are calculated, based on (FAA)
specifications, and are displayed on the filtered error plots. The
user can then see, at a glance, whether or not the MLS signal goes
out of tolerance at any point along the flight path. If it does
not, it is reasonable to conclude that the airport environment, as
defined, will not adversely effect the MLS signal.

J.6 THE FUTURE OF THE MLS MATH MODEL.

The model, as described above, is the current version distributed
by the FAA to users throughout the world. However, the model is
not considered to be in final form. Plans are being made to
release version 3.0 of the model, which will include the following
features:

a. Implementation, in the system model, of a DME/P
interrogator.

b. Implementation of a measured flight path. This option
will permit the model to read flight path coordinates
from a separate input file, which might be created from
actual flight data.

c. Inclusion of additional transmitter antenna patterns.

d. Assignment of specific dielectric constants, for each
possible surface material, for scattering building
plates.
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Additions and improvements to the model will continue after the
release of version 3.0. These additions and improvements will
include implementation of an orbit flight path option, improved
algorithms for simulating runway hump shadowing and ground plate
scattering, the addition of the ability to simulate shadowing by
trees, and other featurles, as required.

*U.S. GOVERNMENT PRINTING OFFICE: 1994-604-081-0019o
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